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I.A.  CYCLIC  PEPTIDE  HEPATOTOXIHS  FROM  BLUE-GREEN  ALGAE 

Andrew  M.  Dahlen,  Ken-ichi  Harada«  Wayne  W.  Carmichael,  Val  R.  Beasley 
Introduction 

Toxic  blooBS  of  cyanobacteria  are  a  cosmopolitan  characteristic 
feature  of  aany  nutrient-filled  freab  and  brackish  waters.  Two  genera. 
Microcystis  and  Hodularia.  which  hare  produced  naturally  occurring 
peptide  hepatotozin  containing  blooms,  are  being  studied,  and  their 
toxins  have  been  isolated  and  purified.  The  principal  species  under 
investigation.  Microcystis  aeruginosa,  has  been  frequently  cited  in 
animal  poisoning  incidents  and  the  toxin  of  interest  from  this  species  is 
a  low  molecular  weight  (994  daltons),  peptide  hepatotozin  with  a 
relatively  high  toxicity  (LD^q:3S-50  ug/kg  IP  mouse).  The  other 
hepatotozin  producing  cyanophyte  being  studied  is  Hodularia  spumigena. 
This  algae  was  collected  by  the  research  group  of  M.  H.  G.  Munro  from  a 
toxic  bloom  in  Christchurch,  Mew  Zealand  and  the  toxic  principle  is  under 
structural  investigation  by  the  spectroscopy  group  of  Dr.  Kenneth 
Rinehart  with  Dr.  Ken-Ichi  Harada  in  the  Department  of  Chemistry  at  the 
University  of  Illinois.  It  too  is  a  low  molecular  weight  toxin  of  higl 
toxicity  (LD^g: 50-80  ug/kg  IP  mouse)  and  has  many  structural 
similarities  to  the  toxin  from  Microcystis  aeruginosa. 

Isolation  and  purification  methods  for  the  cyclic  peptide  toxins  as 
well  as  development  of  methods  to  assess  the  purity  of  toxin  supplied  are 
clearly  essential  prior  to  toxicology  studies  to  assess  such  parameters 
as  minimal  lethal  dose  (MLD),  no  effect  dcse  (NED),  eod 

pathophysiologic  functions.  These  algae  toxins  display  very  steep 
dose/effect  curves  between  a  dose  which  will  not  cause  death,  and 
potentially  lethal  doses,  for  these  reasons  the  integrity  of  toxin  must 


-  3  - 


ba  precisely  known  so  that  toxicology  studies  can  be  valid  and 
repeatable. 

Microcystin  (Cyanoginosin-LR,  torin-LR,  toxin  BE-2}  is  e  potent 
peptide  hepatotoxin  produced  by  the  blue-green  algae  Microcystis 
aeruginosa.  Several  siethods  have  been  developed  for  the  isolation  and 
purification  of  this  and  closely  related  toxins  (1-3)  but  all  methods  to 
date  rely  on  purity  evaluation  based  on  HFLC  with  UV  absorption.  The 
extraction  procedure  developed  in  Dr.  Camichael''s  Laboratory  has  been 
used  to  produce  large  amounts  of  toxin  of  relatively  high  purity,  however 
nott-UV-absorbing  impu*‘ities  have  been  occasionally  observed  in  material 
purified  by  this  method.  In  order  to  develop  dose/response  data  on  this 
potent  toxin,  and  to  establish  the  purity  of  material  to  be  tested, 
additional  methods  of  separation  and  detection  are  required. 

In  order  to  standardize  toxin  material  and  to  describe  other 
compounds  which  occur  as  contaminants  of  toxin,  a  thin  layer 
chromatography  (TLC)  method  was  developed.  Initial  evaluations  of  toxin 
material  has  revealed  contaminants  which  were  not  detectable  by  high 
performance  liquid  chromatography  (HPLC)  with  D.V.  detection  alone.  The 
goal  of  this  study  was  to  develop  a  TLC  method  utilizing  two  detection 
reagents  including  iodine  vapor  followed  by  sulfuric  acid  to  determine 
contaminants  which  are  not  detectable  by  D.V.  absorbence  alone. 
Subsequently,  these  alternate  methods  of  toxin  separation  and  detection 
in  addition  to  the  standard  method  of  HFLC  with  DV  detection  were  used  to 
ensure  the  purity  and  integrity  of  toxin  used  in  animal  toxicity  testing. 

MATERIALS  AMD  METHODS 
PrsiPifWf 

The  microcystins  from  two  different  strains  of  Microevstia 
aeruginosa .  extracted  by  two  different  methods,  were  evaluated.  One  of 
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th«  Microcystis  strains  vss  grown  in  the  laboratory  of  coinvestigator  Dr. 
Wayne  Carmichael  and  was  designated  as  strain  7820.  The  other 
Microcystis  cell  material  was  from  a  surface  bloom  collected  from  a  farm 
pond  in  Konroei  Wisconsin  and  is  designated  as  the  Monroe  strain.  Cells 
from  both  strains  of  Microcystis  were  lyophilized  prior  to  toxin 
extraction. 

Toxin  Extraction  and  Purification 

The  procedure  used  for  bOxin  extraction  of  the  7820  strain  (Fig.  1) 
was  developed  in  the  laboratory  of  coinvestigator  Dr.  Wayne  Carmichael  as 
a  modification  of  the  Siegelsmn  method  and  is  described  by  Krishnamurthy 
et  al.  (4). 

The  procedure  used  for  toxin  extraction  of  the  Monroe  strain  is 
shown  in  Figure  2. 

Thin  Laver  Chromatography. 

Microcystin  which  was  extracted  from  algae  cells  and  evaluated  to  be 
of  greater  than  90Z  purity  by  HPLC  with  D.V.  detection  was  dried  by 
lyophilization  or  under  a  nitrogen  stream  prior  to  purity  analysis. 
Sufficient  HPLC  grade  methanol  was  then  used  to  dissolve  toxin  to  give  a 
final  concentration  of  5  ug/ul.  Samples  were  applied  to  the  high 
performance  silica  TLC  plate  with  glass  microcaps  in  amounts  of  5,  10, 
and  25  ug  and  application  was  verified  by  observation  under  short  wave 
D.T.  prior  to  developMnt  (toxin  absorbs  short  wave  UV) .  The  TLC  plates 
were  placed  in  pre-equilibrated  TLC  chambers  and  the  solvent  path  was  13 
cm. 

TLC  Mobile  Phase 

a)  System  1  -  Ethyl  acetate-isopropyl  alcohol-water  (4:3:7).  This 
system  forsu  two  phases  and  the  top  (organic)  layer  was  used 
for  TLC  separation. 
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b)  Syaten  2  -  ChIorofonBraeth«asl-vater  (65:35:10).  Thi«  solvent 
system  also  foms  two  layers  and  in  this  case  the  lover 
(organic)  layer  is  used  for  TLC  separation. 

Detection 

The  developed  TLC  plate  was  heated  at  105°C  for  5  minutes  to 
evaporate  remaining  solvents.  The  plate  is  visualized  under  short  wave 
O.V.  light  (since  the  toxin  absorbs  in  this  wave  length  range)  and  the 
O.V.  absorbing  eluted  components  of  the  "toxin”  were  marked  with  pencil 
on  the  silica  surface.  The  plate  was  then  placed  in  a  chamber  with 
iodine  vapor  and,  after  5  minutes,  the  positions  of  the  toxin  and 
impurities  were  evaluated.  The  iodine  was  driven  from  the  TLC  plate  by 
heating  at  105^C  for  5-10  minutes.  The  TLC  plate  was  then  sprayed  with 
30Z  ^280^  in  methanol  and  heated  for  10  minutes  at  105^C.  The 
locations  of  toxin  (r.f*  0.25)  and  impurities  were  determined  by 
observation  of  the  TLC  plate  under  long  wave  U.V.  light. 

Purity  gvsluation 

The  purity  of  the  toxin  was  subjectively  evaluated  by  observing  the 
relative  concentration  of  the  toxin  with  respect  to  impurities  at  each  of 
the  concentrations  applied  to  the  TLC  plate. 

RESULTS  Ayp  DISCD8SI0H 

The  method  eliminates  costly  and  time  consuming  gel  filtration  steps 
(developed  for  purification  of  the  Monroe  strain)  and  reduces  toxin  extraction 
time  by  eliminating  the  tiise  necessary  to  evaporate  large  volumes  of  water. 

It  has  been  used  to  produce  only  ssiall  quantities  of  purified  toxin  hut  has 
the  advantage  of  isolating  the  toxin  in  organic  solvents  which  can  be  directly 
applied  to  silica  gel  TLC  plates  to  test  toxin  purity. 

O.V.  detection  is  a  valuable  tool  which  can  be  used  in  evaluating  the 
concentration  and  purity  of  compounds  under  investigation.  O.V.  detection 


alone,  however,  does  not  detect  sene  conpouads  which  can  occur  as  contaminants 
of  purified  toxin  material  and,  for  this  reason,  other  methods  of  detection 
and  analysis  were  deve?.oped.  Purified  toxin  which  appeared  greater  than  95Z 
pure  by  HFLC  with  UV  detection  alone  was  shown  to  contain  up  to  20Z 
contamination  when  examined  by  TLC  methods. 

The  TLC  SMthod  described  offers  a  normal  phase  separation  method  and  two 
spray  reagents  which  serve  as  detectors  in  addition  to  the  D.V.  detection  used 
in  reverse  phase  toxin  purification.  This  additional  TLC  method  has  proven 
valuable  for  the  description  of  toxin  material. 
l.B.  aTABTT.TTV  EVALUATIOH  OF  MICROCYSTIK  IH  AOUSOPS  SOLDTION 
Andrew  M.  Dahlem,  Val  S..  Beasley 
Haterials  and  Methods 

Stability  of  purified  toxin  material  was  investigated  concurrently 
with  toxin  purification  methods.  Purified  toxin  was  dissolved  in  aqueous 
solution  and  periodically  evalu  ted  to  determine  the  fate  of  the  toxin 
material.  Toxin  stability  was  assessed  by  comparing  the  HPLC 
chroBMtogrsms  of  a  freshly  prepared  toxin  standard  solution  with  those  of 
stored  toxin  solutions  under  the  conditions  of  freeze/ thaw, 
refrigerate/warm  or  constant  room  temperature  storage. 

Results 

Toxin  degradation  under  any  examined  condition  does  not  appear  to  be 
a  problem  except  under  extreme  conditions  of  repeated  freeze/thaw  or 
greater  than  1  week  at  room  temperature. 

I.C.  PRODOCTIOH  Qg  RADTOLABELUEL  MICROCYSTIM  TOXIN 

Andrew  M.  Dahlem,  Ken-Ichi  Harada,  Wayne  W.  Carmichael,  Val  R.  Beasley 
Introduction 

Problems  associated  with  the  detection  of  toxin  material  with  D.V. 
absorption  can  be  minimised  with  the  use  of  radiolabel  led  toxin  in 


•nslytieal  asthods  developaent*  The  radiolcbcl  vill  subsequently 
fscilitste  phaniacolcinetic  studies  assessing  absorption,  distribution, 
■etabolism  and  excretion  by  providing  an  easily  detectable  isotopic  label 
vhich  should  remain  a  part  o£  a  aetaboliaed  toxin.  This  label  vill 
provide  s  detectable  marker  even  if  the  toxin  becomes  structurally 
altered  or  protein  bound  and  thereby  difficult  to  isolate  and/or  detect 
by  DV  absorption.  Two  possible  methods  of  labelling  the  toxin  have  been 
preliminarily  investigated  by  our  research  group;  biosynthetically , 
involving  C-14  label,  and  synthetically,  with  a  tritium  label. 

Thus  far,  the  production  of  biosynthetically  labelled  toxin  has  been 
proposed  by  providing  C-IA  labelled  amino  acids  as  raw  materials  for 
growing  algae.  These  labelled  precursor  amino  acids  are  likely  to  be 
incorporated  into  the  toxin  structure.  To  test  this  hypothesis,  a 
culture  of  Microcystis  aeruginosa  strain  7820  was  provided  by  Dr. 
Carmichael  and  it  is  being  continuously  grown  in  our  laboratories.  The 
identity  of  toxic  material  from  this  culture  was  established  by 
spectroscopy  methods  involving  Fast  Atom  Bombardment  Mass  Spectroscopy 
(FAB~MASS),  Gas  Chroutography  (G.C)  and  mouse  bioassay.  At  this  point 
ve  are  ready  to  begin  addition  of  €-14  labelled  precursors  to  try  to 
create  labelled  materials. 

Production  of  synthetically  labelled  toxin  was  proposed  by  utilizing 
the  free  alpha-carboxyl  moieties  present  in  glutamic  acid  and  B-methyl 
aspartic  acid  to  produce  a  substitution  of  for  hydrogen  in  the  alpha 
carboxyl.  Botes  (5)  utilized  a  technique  to  prove  isolinkage  of  these 
moieties  in  the  peptide  structure  vhich  involved  a  tritium  labelling  of 
C-tarminal  amino  acids.  This  method  was  investigated  by  our  research 
group  to  datarmina  its  feasibility  for  producing  labelled  toxin  for 
toxicologic  investigation. 
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MATERIALS  AHC  METHODS 

Tritiated  vater  was  purchased  from  New  England  Nuclear  Research 
Products  Company,  Boston,  MA,  USA.  The  specific  activity  vas  1  uCi/ul. 
Solvents  and  Chemicals 

All  solvents  were  distilled  in  glass. 

Isotonic  Labelling 

The  peptide  toxin  (0.1  u  mole)  vas  placed  in  a  small  test  tube  and 
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H2O  (5  ul,  S  uCi)  and  pyridine  (10  ul)  were  added.  Acetic  anhydride 
(10  ul)  vas  then  added  to  the  same  test  tube  and  the  mixture,  in  a 
parafilm-sealcd  tube,  vas  kept  at  O^C  for  5  minutes.  After  this  5 
minute  period,  the  tube  vas  moved  to  a  room  temperature  (23^C}  water 
bath  for  IS  minutes  more.  Another  voIum  (20  ul) ,  of  pyridine  vas  added, 
followed  by  acetic  anhydride  (20  ul)  and  the  mixture  was  again  immersed 
in  su  ice  vater  bath  at  O^C  for  5  minutes  followed  by  a  room 
temperature  water  bath  for  an  additional  hour.  Another  tritiated  vater 
aliquot  (5  ul)  vas  then  added  and  the  mixture  immersed  in  a  room 
temperature  vater  bath  for  1  hour  to  decompose  the  excess  acetic 
anhydride.  The  solution  vas  then  evaporsted  to  dryness.  Removal  of 
exchangeable  tritium  vas  accomplished  by  addition  of  lOZ  acetic  acid  (100 
ul)  followed  by  evaporation.  This  addition  of  acetic  acid  followed  by 
evaporation  vas  then  repeated  S  times. 

RESULTS  ANP  PISC088I0H 

The  toxin  vas  successfully  labelled  synthetically  by  our  research  group 
using  tritisted  water  and  purified  toxin  as  precursors.  This  experiment 
utilised  the  unusual  isolinkage  of  glutamic  acid  and  B-methyl  aspartic  acid 
which  results  in  a  free  alpha-carboxyl  in  each  swiety  that  would  otherwise  be 
involved  in  peptide  bonding.  This  free  alpha  carboxyl  allows  tritium 


incorporation  by  the  uthod  of  Matsuo  (6),  which  ia  euatomarily  used  to 
provide  information  about  the  C-terminal  amino  acid  of  noncyclic  peptides. 
Figure  3  shows  the  synthesis  pathway  for  tritium  incorporation  and  assumes  all 
reactants  except  the  tritiated  water  are  anhydrous  so  that  as  little 
extraneous  water  ao  possible  is  available  which  can  interfere  with  toxin 
labelling. 

l.D.  STR.PCTORE/7nrTCTry  RKT.ATIONSHIP  of  dehyproamiso  acid  mdiety  of  peptide 

Andrew  M.  Dahlem,  Ken-Ichi  Harada,  Carl  A.  Harvis,  Stephen  B. 

Hooser,  Kenneth  L.  Rinehart,  Val  R.  Beasley 

To  begin  to  determine  which  factors  are  responsible  for  the  high 
toxicity  of  algal  peptide  toxins,  we  have  ccnducted  numerous 
investigations  into  the  atructure/toxicity  relationships  of  functional 
moieties  of  the  hepatotoxins.  The  structure  data  on  Wodularia  toxin 
remains  incomplete  to  date,  but  enough  has  been  established  by  Dr. 
Ken~Ichi  Harada  and  others,  here  at  the  University  of  Illinois,  to  draw 
parallels  between  this  compound  and  microeystin.  Both  compounds  contain 
the  unusual  twenty  carbon  Adda  group,  a  dehydro  amino  acid,  and 
stereospecific  d»  isomer  amino  acids.  The  Hodularia  toxin  has  two  fewer 
amino  acid  residues  than  the  microeystin  an4  yet  has  approximately  the 
same  toxicity. 

The  first  moiety  investigated  in  the  peptide  hepatotoxin  was  the 
dehydroamino  acid.  It  has  been  shown  that  the  bioactivity  associated 
with  other  naturally  occurring  peptide  molecules  is  directly  related  to 
the  presence  of  dehydroamino  acids.  The  antibiotics  nisin  and  subtil lin, 
produced  by  bacteria,  contain  alphaobeta  unsaturated  amino  acids  which 
are  believed  to  be  essential  to  their  antibiotic  activity  (7).  The  toxic 
agents  phomopains  A  and  B  are  cyclic  hexapeptides  produced  by  the  fungus 
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Phomopaii  leptoatiomifornia  vbich  contain  didehydro  aaino  acids  and  cause 
lupinosis  in  Australia.  One  working  hypothesis  for  the  biological  action 
of  cyclic  peptide  hepatotozins  containing  dehydro  aaino  acids  suggests 
that  the  toxins  may  exert  an  effect  on  essential  sulfhydryl  groups  by 
reacting  across  the  double  bond  in  their  alpha,  beta  unsaturated  amino 
acids.  For  these  reasons,  the  role  of  the  dehydroamino  acid  in  the 
peptide  toxin  produced  by  Nodularia  spumixena  was  investigated. 

MATERIALS  AND  METHODS 
Toxin 

Purified  Hodularia  toxin  was  prepared  from  algae  collected  during  a 
toxic  bloom  of  Wodularia  spumigena  in  Christchurch,  Rev  Zealand.  Toxin 
vas  determined  to  be  greater  than  95Z  pure  by  BPLC  and  TLC  evaluation 
before  toxicity  testing. 

All  solvents  were  distilled  in  glass.  All  chemicals  were  of 
analytical  grade. 

Toxin  Derivative  Foraatioa 

The  dihydro  derivative  of  Rodularia  toxin  was  formed  by 
hydrogenation  of  the  dehydroamino  acid  contained  ii  the  cyclic  peptide. 
Toxin  material  (100  mg)  was  dissolved  in  methanol  (50  ul)  and  placed  in  a 
test  tube.  Excess  sodium  borohydride  was  added  to  the  test  tube  slowly. 
The  test  tube  then  was  placed  at  room  temperature  (23^0  for  24  hours 
and  the  solution  continuously  stirred.  Acetic  acid  was  added  (200  ul)  to 
lover  the  pH  to  4,  and  eliminate  the  excess  sodium  borohydride  and 
thereby  stop  the  reaction.  The  reaction  mixture  was  then  evaporated  to 
dryness. 


11  - 


afi. 

The  reaction  product  vaa  spotted  on  high  performance  ailica  gel  TLC 
plates.  The  elution  solvent  was  chlorofora-methanol-water  (65:35:10). 
This  mixture  forma  two  phases  and  the  lower  phase  (organic)  was  used.  The 
toxin  derivative  was  observed  under  short  wave  D.T.  light  and  iodine 
vapor  used  as  a  detection  reagent. 

SFLC  separation  of  the  dehydroamino  acid  from  the  reaction  products 
was  accomplished  under  reverse  phase  isocratic  conditions  with  an  Altech 
C-18  (250  mm  x  4.6  mm)  coluain  and  a  mobile  phase  of  70:30  methanol-  .05 
percent  trifluoracetic  acid  in  water.  Detection  was  by  DV  absorbence  at 
234  nm. 

Confirmation  of  Structural  Alterations 

Hass  spectral  confirmation  of  the  reaction  product  was  accomplished 
with  fast  atom  bombardsMnt  mass  spectroscopy  (FAB  MASS)  on  a  ZAB-SE  10  kV 
mass  spectrometer.  The  product  was  imbedded  in  magic  bullet  matrix  an*' 
parent  ion  of  827  was  observed  (M  2  Hydrogen). 

Mouse  Bioassav 

The  modified  toxin  then  was  tested  for  its  toxicologic  potential  by 
IP  injection  in  mice.  In  this  study  37  adult  female  balb/c  mice  were 
randomly  assigned  to  one  of  11  test  groups  containing  3  mice  or  to  a 
control  group  of  4  anisals  (Table  1).  Animals  were  injected 
intraperitoneally  with  a  saline  vehicle,  parent  toxin,  or  dihydro-toxin 
dissolved  in  physiologic  saline.  Mice  dosed  with  parent  toxin  received 
either  25,  50,  100,  200  or  300  ug/kg  of  toxin  to  serve  as  positive 
controls.  Mice  dosed  with  the  vehicle  (physiologic  saline)  alone  were 
injected  with  volumes  of  .25,  .50,  .75,  or  1.0  ml  to  serve  as  negative 
controls.  Mice  dosed  with  the  dihydro-derlvative  of  Hodularia  toxin 


rvcelved  100,  200,  300,  400,  500  or  1,000  ug/kg  body  weight  of  material 
is  leaa  than  1 .0  ml  of  the  vehicle. 

Survival  times  of  animals  were  recorded  along  with  liver  and  kidney 
and  whole  body  weight.  Anisials  which  survived  24  hours  after  toxin 
administration  were  killed  by  cervical  dislocation.  Negative  control 
animals  were  killed  at  times  within  the  study  where  numerous  toxin 
produced  deaths  were  occurring  or  after  24  hours  when  toxin-dosed 
survivors  were  killed.  The  thoracic  and  abdominal  organs,  and  the  brain 
were  examined  grossly.  Lungs  were  inflated  via  intratracheal 
instillation  of  lOZ  neutral  buffered  formalin.  Selected  tissues 
including  liver  and  kidney  were  fixed  by  immersion  in  lOZ  neutral 
buffered  formalin.  These  tissues  were  then  routinely  processed,  embedded 
in  paraffin,  sectioned  at  4  to  6  um  and  stained  with  hesutoxylin  and 
eosin. 

Kesults  and  Discussion 

This  sodium  borohydride  reaction  selectively  caused  the  addition  of 
two  hydrogen  atoms  across  the  double  bond  of  the  dehydroamino  acid  of  the 
cyclic  (.eptide  toxin  and  resulted  in  a  product  identical  to  the  starting 
material  parent  toxin  except  that  the  dehydrosmino  acid  was  now  saturated 
forming  the  dihydro-derivative  of  the  toxin.  The  identity  of  the 
dihydro-derivative  was  confirmed  by  FAB-MASS  and  found  to  be  equal  to  the 
mass  of  the  parent  toxin  plus  two  suss  units  (from  the  two  hydrogen  atoms 
added) . 

The  dihydro-ierivative  of  the  Nodularis  toxin  was  found  to  be  four 
times  less  toxic  than  the  parent  toxin.  Survivors  of  the  dihydro 
Nodularis  toxin  showed  liver  lesions  which  were  grossly  and 
histologically  very  different  from  animals  surviving  administration  of 
the  parent  toxin. 
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All  aica  given  doses  of  unaltered  Modularis  toxin  equal  to  or 
greater  than  100  ug/kg  died.  Mice  given  the  difajrdro-derivative  of  the 
Wodularia  toxin  did  not  die  until  the  dose  vas  500  ug/kg  or  great'^r. 

Mice  which  died  acutely  following  exposure  in  both  groups  had  markedly 
enlarged,  ds^k  red  livers  at  necropsy.  Mice  dosed  with  the 
dihydro-derivative  toxin  and  which  survived,  had  liver  lesions  unlike 
those  found  in  the  livers  of  edee  dosed  with  unaltered  Hodularia  toxin. 

On  gross  examination,  the  outer  portion  of  the  livers  of  the  survivors  of 
the  400  ug/kg  dihydrotoxin  group  were  extraely  pale  while  the  inner 
portions  of  the  livers  were  darker  than  normal.  The  livers  of  mice  given 
100  ug/kg  of  the  dihydrotoxin  were  normal  in  color,  but  friable. 

Microscopically,  the  hepatic  lesions  in  all  mice  dying  from  either 
the  parent  or  the  dihydrotoxin  were  characterised  by  severe,  extensive 
eentrilobular,  and  midzonal  disassociation,  degeneration,  necrosis,  and 
cell  loss  involving  all  regions  except  for  a  rim  of  periportal 
hepatoeytes  3  to  6  cells  wide.  Degenerating  and  necrotic  bepatocytes 
were  separated  by  large  numbers  of  extravasated  red  blood  cells.  Some  of 
the  periportal  bepatocytes  appeared  normal,  while  others  showed  varying 
signs  of  degeneration.  In  addition,  the  livers  of  mice  given  the 
dihydro-derivative  of  the  Wodularia  toxin  had  extensive  subcapsular 
hepatocellular  necrosis  and  hemorrhage  in  peripheral  areas  that  grossly 
were  pale. 

Renal  cortical  tubules  were  mildly  dilated  and  contained  moderate 
amounts  of  eosinophilic  to  basophilic  grsnular  material.  Many 
capillaries  in  the  lung  contained  abundant,  eosinophilic,  finely  granular 
to  globular  material.  Mo  effect  of  vehicle  administration  was  observed 
in  negative  control  animals. 


From  thic  experiment  it  appears  that  the  double  bond  in  the 


dehydroamino  acid  of  Wodularii  toxin  plays  a  significant  role  in  the 
toxic  action  of  the  Hodularia  toxin.  Saturation  of  the  dehydroamino  acid 
resulted  in  a  shift  of  the  mortality  curve  to  the  right  as  well  as  a 
change  in  the  lesion  observed.  It  is,  however,  important  to  note  that 
while  the  toxicity  obviously  decreases  after  hydrogenation,  the  aiaterial 
still  remains  a  potent  toxin  with  a  between  400-500  ug/kg. 

.  FORMATION  AHJD  ASSESSHEKT  OF  HEXAHYDRO  HODPLARIA  TOIIH 

The  next  structure/toxicity  experiment  was  performed  to  assess  the 
toxicologic  significance  of  the  AOQA  group,  already  mentioned  to  be 
consistent  in  cyclic  peptide  cysnobacterial  toxins. 

Materials  and  Methods 

Nodularis  toxin  was  reduced  with  hydrogen  gas  and  a  palladium 
catalyst.  This  reaction  causes  the  addition  of  six  total  hydrogens  to 
the  Nodularis  toxin  structure  and  saturates  both  the  dehydroamino  acid 
and  the  double  bonds  of  the  hydrophobic  tail  of  the  ACDA  moiety  (Figure 
4).  Mice  were  given  the  hexahydrotoxin  at  from  400  to  2,000  ug/kg; 
observed  for  14  hours  and  killed  by  decapitation.  Necropsy  methods  and 
tissue  processing  were  described  above. 

Reiultt. 

Xntraperitoneal  administration  of  this  compound  failed  to  produce 
mortality  in  mica  at  doses  up  to  2,000  ug/kg  which  is  the  highest 
concentration  of  material  tested  to  date. 

The  mice  dosed  with  the  highest  concentration  of  this  compound  had 
scattered,  small,  dark  red  areas  distributed  on  tbe  surface  and 
throughout  the  hepatic  parenchyma.  Microscopic  liver  lesions,  which  were 
confined  to  the  dark  red  areas,  were  characterised  by  severe  hepatocyte 
disassoeiatlon,  dagenaracion,  and  necrosis  and  severe  hemorrhage  similar 
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to  that  daacribad  for  the  unaltered  and  dihydro-slerlvative  of  Modularia 
toxin. 

In  addition  to  the  double  bond  of  the  dehydroaaino  acid,  the  ADDA 
group  must  play  a  key  role  in  toxic  action  of  the  Nodularia  toxin. 
Saturation  of  reactive  aites  on  the  ADDA  group  decreases  the  toxicity  of 
the  Hodularia  toxin  and  changes  the  lesion  observed  pathologically. 
Additional  experiments  are  planned  which  will  continue  to  assess 
structure-toxicity  relationships  in  both  the  Nodularia  toxin  and 
microcystin. 

II.  HEDR0T0XIH3  FROM  BLUB-GREEN  ALGAE 
A.  Introductory  Studies  on  the  Purity.  Stability,  and  Purification  of 
AnAtg»iB=A(il 

Andrew  M.  Dahlem,  Kan-Ichi  Harada,  Hik  A.  Mahnood,  Wayne  W.  Carmichael 

Yal  R.  Beasley 

Introduction 

The  cyanobacteria  Anabaena  flos-aouae  produces  potent  neurotoxins 
both  in  nature  and  in  laboratory  culture.  One  toxin  produced  by  Anabaena 
is  called  anatoxin-a(s)  and  it  has  been  demonstrated  to  tightly  bind  and 
to  inhibit  cholinesterase.  Anatoxin-a(s)  remains  structurally 
ttttcharacterized  to  date  and  exerts  its  toxic  effects  by  only  partially 
understood  mechanisms. 

Purification  of  this  toxin  has  been  difficult  due  to  the  cheiical 
nature  of  this  compound.  The  toxin  is  extremely  polar,  being  charged  at 
biological  pH  and  has  negligible  DV  absorption.  Anatoxin-a(s)  shows 
limited  solubility  in  polar  organic  solvents  and  instability  has  been 
reported  in  several  organic  solvents  by  coinvestigators  at  Wright  State 
Oniversity.  Since  comparatively  little  was  known  about  the  chemical 
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properties  of  this  compound,  end  in  order  to  document  toxin  purity, 
alternate  methods  of  detection  and  pxirif ication,  as  veil  as  stability 
assessment  have  been  under  investigation  in  our  laboratory. 

Materials  and  Methods 

Thin  Laver  Chrooatograjhv  JTLC) 

High  performance  silica  gel  TLC  plates  with  fluorescent 
indicator  (DV254)  were  used.  Anatoxin-a(ii)  which  was  extracted  from 
algae  cells  and  was  evaluated  to  be  greater  than  90Z  pure  by  HFLC 
with  U.V.  detection  prior  to  analysis.  Samples  were  applied  to  high 
performance  TLC  plates  with  glass  microcapillary  tubes  in 
concentrations  ranging  from  0.1  to  25  ug.  The  plates  were  placed  in 
preequilibrated  TLC  chambers  and  the  retention  of  resulting  material 
was  observed.  A  TLC  mobile  phase  of  chloroform-methanol- 
concentrated  ammonivoa  hydroxide  (30:30:4)  was  found  to  provide 
intermediate  retention  for  compounds  present  in  the  purified  toxin. 
Solvents  and  Chemicals 

All  solvents  were  HFLC  grade  and  all  chemicals  were  ACS  grade. 

PctMtiop 

The  developed  TLC  plates  were  observed  with  short  wave  U.V. 
light  followed  by  introduction  into  a  glaas  chamber  containing 
resublimed  iodine.  Resulting  spots  observed  were  immediately  marked 
on  TLC  platca  and  the  purity  of  the  toxin  was  subjectively  evaluated 
by  comparing  toxin  amount  as  estimated  by  intensity  of  the  spot 
resulting  from  iodine  vapor  with  the  spots  from  other  compounds 
present.  Methanolic  sulfuric  acid  (30Z  H2S0^  in  MeOH)  was  also 
used  as  a  spray  reagent  to  viaualize  nonranatoxin-a(s)  contaminants. 

s 

With  sulfuric  acid,  plates  are  preheated  at  120°C  to  drive  off 
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iodine  then  epreyed  with  reagent  and  heated  for  5-7  minutes  at 
120°C  then  visualized  under  long  wave  U.V.  light. 

Toxin  Extraction 

Purified  toxin  was  extracted  by  the  method  of  Hafamood  (9}  prior 
to  ILC  purity  evaluation  or  stability  assessment.  An  alternate 
method  for  toxin  extraction  was  developed  in  our  laboratories  to 
attempt  to  provide  a  normal  phase  purification  scheme  of  the  free 
base  form  of  the  toxin.  In  this  method  lyophilized  algae  cells  (1.0 
g)  are  extracted  twice  with  water  (100  ml)  for  two  hours  at  room 
temperature  (21^0.  The  material  is  centrifuged  at  2,000  rpm  for 
twenty  minutes  and  the  aupematant  roaoved.  Following  the  second 
water  extraction  both  supernatants  are  combined  and  evaporated  to 
dryness  in  a  rotary  evaporator.  The  sample  is  then  transferred  to 
an  8.0  ml  disposable  culture  tube  with  water.  Sample  is  placed  on  a 
pre-conditioned  (2  ml  MeOH-2ml  H2O)  C-18  Sep-Pak  Cartridge  (Waters 
Associates,  Milford,  MA)  and  the  residue  collected.  The  cartridge 
is  then  rinsed  with  4.0  ml  of  deionized  water  and  this  rinse  is  also 
collected  (toxin  is  not  retained  on  C-18).  The  loading  eluate  and 
rinse  are  combined  and  evaporated  to  dryness  and  the  residue 
reconstituted  in  30:30:4  (chloroform-methanol-concentrated  ammonium 
hydroxide).  The  extract  ia  then  passed  through  a  Pasteur  pipet 
lined  with  glass  wool  and  dry  packed  with  1  g  of  flash  silica. 
Fractions  are  collected  and  monitored  by  the  TLC  method  described 
above.  Fractions  containing  toxin  are  combined  and  then  evaporated 
to  dryness  on  a  rotary  evaporator. 

Results  and  Discussion 

Impurities  as  well  as  apparent  hydrolysis  products  of  anatoxin-a(s) 
have  been  separated  with  the  TLC  method  described  (Figure  5).  The 
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■olTCBt  •yatea  provide!  intermediate  retention  of  anatozin-aCs)  and  good 
separation  of  toxin  from  other  contaminants  present.  The  detection 
reagents  of  iodine  vapor  and  aetbanolic  sulfuric  acid  are  sensitive  and 
detect  a  side  range  of  compounds  which  occur  as  contaminants  in  purified 
toxin  extracts.  Iodine  vapor  has  been  routinely  used  to  monitor 
concentrations  of  anatoxin-a(s)  as  low  as  0.5  ug  and  has  been  the  most 
sensitive  method  for  monitoring  low  levels  of  toxin  developed  to  date. 

The  breakdown  and  detoxification  of  anatozin-a(c)  has  been 
correlated  with  an  increase  in  the  concentration  of  the  spot  labelled  B 
in  Figure  5.  This  increase  in  concentration  of  spot  B  as  determined  by 
intensity  of  the  spot  following  iodine  vapor  exposure  has  been  observed 
under  numerous  conditions,  but  most  notably  after  storage  in  the  organic 
solvents;  methanol,  ethyl  acetate,  and  acetonitrile. 

Spot  A  was  identified  as  a  principal  toxic  material  by  passing  the 
purified  toxin  in  TLC  mobile  phase  through  a  Pasteur  pipet  lined  with 
glass  wool  and  1  g  of  flash  silica  gel.  Spot  A  was  isolated  from  other 
compounds  present  and  was  injected  intraperitoneally  in  female  balb-c 
mice.  Signs  typical  of  anatoxin-a(s)  were  observed  in  mice  dosed  with 
single  isolated  compound  and  death  occurred  at  doses  as  low  as  5  ug/kg. 

The  alternate  method  of  toxin  extraction  under  investigation  and 
described  here  has  been  used  to  produce  small  quantities  of  purified 
toxin.  This  method  is  used  to  extract  the  toxin  in  the  free  base  form 
and  should  provide  the  basis  for  a  normal  phase  extraction  procedure  to 
provide  an  alternative  to  reverse  phase  toxin  extraction.  We  plan  to 
continue  collaboration  in  this  area  with  Dr.  Ken-Ichi  Hareda  and  his 
colleagues  at  Meijo  University  in  Hagoya,  Japan.  Ve  hope  that  soon  the 

s 

cooperation  of  our  three  research  groups  will  yield  analytical  siethods 
for  extraction  and  purification  of  the  neurotoxins  on  a  scale 


•ttfficicnt  for  largo  scale  toxicology  testing  in  aniaals  and  structural 
elucidation  of  this  potent  neurotozin. 

B.  Introductory  Studies  on  the  Purification  of  Aaatozin-a  From  Anabaena 
Flos-Aquae  Cells 
Introduction 

Another  potent  neurotozin  produced  by  An^hon*  flos-aouae  is  the 
depolarising  nicotinic  alkaloid  anatozin-a.  In  addition,  aethods  are 
available  for  complete  chemical  synthesis  (10,  11).  Anatozin  a  has  a 
strong  UV  absorption  and  this  method  of  detection  as  veil  as  alternate 
mmthods  were  investigated  initially  to  provide  a  method  for  description 
of  tozin  material. 

Katerials  and  Methods 

Thin  Uver  Chromatography  (TLC^ 

ligh  perfonaance  silica  gel  chromatography  plates  with 
fluorescent  indicator  (UV  254)  vere  used.  Anatozin-a  extract  was 
applied  to  TLC  plates  with  glass  microcapillary  tubes.  Application 
was  monitored  by  absorption,  by  the  extract,  of  short  wave  UV  light. 
The  solvent  system  which  has  provided  optimum  separation  of  tozin 
materials  is  ethylacetate-sethanol-vater-sanonium  hydroxide 
(170:20:5:3).  With  this  solvent  system,  the  anatoxin-a  can  be 
separated  from  many  algae  biomolecules  and  detected  with 
iodoplatinatc  (platinic  chloride)  or  Dragendorf's  spray  reagent. 

Kany  contaminants  are  separated  with  the  solvent  front.  The  tozin 
has  an  rf  of  0.3  by  this  method. 

Tozin  Bztractioa 

One  gram  of  lyophilized  cell  material  was  extracted  with  100  ml 
of  deionised  water.  The  extraction  eolation  was  centrifuged  at 
2,000  rpm  for  10  minutes  and  the  supenutant  resujved.  The 
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supernatant  was  extracted  vith  3  x  50  ml  of  ethyl  acetate  at  neutral 
pH  and  the  ethyl  acetate  layers  were  combined  and  evaporated.  The 
residue  was  reconstituted  in  0.5  ml  of  methanol  and  to  10  ml  vith 
water.  The  toxin  solution  was  passed  through  preconditioned  C-18 
cartridges  (SEP  FAK)  and  the  eluate  collected.  The  cartridge  was 
rinsed  vith  (9:1)  vater-nethanol  (4  ml)  and  this  extract  was 
combined  vith  the  eluate  and  evaporated  to  dryness.  The  resulting 
material  was  monitored  by  application  of  the  TLC  method  described 
for  anatoxin-a.  Toxin  purification  was  accomplished  by  silica 
column  chromatography  vith  monitoring  of  fraction  collection  by  TLC. 
Fractions  containing  toxin  only  were  combined  and  removed  for 
further  studies.  Small  quantities  of  toxin,  which  are  approximately 
752  pure  by  TLC,  have  been  produced  by  this  method.  HFLC  vith  UV 
detection  should  provide  a  valuable  tool  for  final  purification. 
Results  and  Discussion 

Anatoxin-a  is  easily  detectable  by  UV  absorption  or  alkaloid 
locating  TLC  spray  reagents.  To  date  no  purified  standard  exists  for 
comparison  of  toxin  containing  extracts  to  pure  toxin  material.  The  TLC 
methods  here  should  provide  a  foundation  for  normal  phase  toxin 
extraction  of  anatoxin-a. 

III.  FOTDRE  AHALmCAL  RESEARCH  AHD  PRIORITIES 

Our  first  priority  is  to  continue  analytical  methods  development  for  the 
extraction  and  purification  of  algal  neurotoxins  in  collaboration  vith 
researchers  at  Wright  State  University  and  Meijo  University.  Algae  cells  are 
being  continuously  produced  in  culture  at  Wright  State  University  and,  as  soon 
as  rapid  and  efficient  extraction  methods  for  algae  neurotoxins  can  be 
acquired  and  standardised,  ve  hope  to  use  stored  cellular  material  to  rapidly 
produce  pure  neurotoxins  in  sufficient  quantity  for  large  scale  toxicologic 
studies. 


laothcr  priority  is  to  continue  to  investigate  structure-toxicity 
relationships  of  the  substituent  functional  ooieties  of  blue-green  algae  toxin 
by  subtle  synthetic  oanipulations.  Lmaediate  experiisents  in  this  area  are 
expected  to  continue  vith  the  cvo  peptide  hepatotoxins  since  they  can  be 
purified  end  produced  in  sufficient  quantities  for  evaluation  at  this  time. 

A  third  priority  is  to  continue  to  develop  radiolabel led  algae  toxins 
through  biosynthetic  and  synthetic  means.  These  labelled  toxins  will  permit 
developeient  of  analytical  methods  for  extraction  from  biological  matrices  to 
confirm  animal  exposure.  The  labelled  toxins  will  also  be  used  to 
characterise  the  biological  fate  of  algal  toxins  in  animals. 

Other  priorities  include:  the  development  of  screening  procedures  for 
toxic  algae  other  than  mouse  bioassay  and  the  establishsient  of  methods  to 
neutralise  algae  toxins  in  potable  water. 
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Figure  1  Microcystin  extraction  procedure  used  in  the  laboratories  of  Dr. 
Wayne  V.  Canichael. 


1)  1  GM  CELLS  +  200  ML  5%  BDTANOL-202  METEMOL-75Z  WATER 

STIR  1>3  HRS.  AT  4  DEG  C. 

CEHTRIFUGE  100»000  X  G  -  1  HR  AT  4  DEG  C. 
REPEAT  3  TDSS  WITH  CELL  PELLET 


2}  COMBIHX  SUPERHATAHTS 

REDUCE  VOLUME  TO  S00-3S0  ML  IT  AIR  DRYIXG 


3)  SUPERNAT4MT  PASSED  THROUGH  ANALTTICHEM  BOHD  ELUTE  C-18  COLUMN 

EL’TE  TOXIC  FRACTION  WITH  3-5  ML  lOOZ  MEOH 
REPEAT  PROCESS  3-4  TIMES  (3-4  X) 


4)  DRY  COMBINED  METHANOL  EXTRACT  WITH  NITROGEN 

DISSOLVE  RESIDUE  IN  5  ML  HATER 
PASS  THROUGH  3.0  MICRON  MILLIPORS  HLTER 


5)  K-26  PHARMACIA  COLUMN  (26MM  X  80  CM) 

WITH  100  GM  SEPHADEX  G-25 
ELUTE  IN  5Z  METHANOL  WATER 
MONITOR  AT  240  NM 

TOXIN  IS  FIRST  LARGE  PEAK  OFF  THE  COLUMN 


6}  HPLC-ALTEX  C-18  9.4MM  X  25CM 

0.01  AMMONIUM  ACETATE  IN  26Z  ACETONITRILE/ WATER 
FLOW  RATE  3  ML/MIX 
MONITOR  AT  240  MM 


7)  LYOPHILIZE  TOXIC  PEAK 

DESALT  TOXIN  BY  HPLC 

AS  IN  STEP  6  -  USING  26Z  ACETONITRILE/WATER 

1 
I 

STORE  TOXIN  AT  -80*’c  UNTIL  USE  i 


8) 


24 


Figure  2  Modified  extraction  method  for  aicroeystin  developed  at  the 
University  of  Illinois  and  used  for  Mbnroe  Strain. 


1)  1  GM  CELLS  -I-  200  ML  METHAHOL 

STH  1-3  HOURS  AT  21*^0 

orrmniGE  at  3,ooo  x  g  for  lo  minutes 

REMOVE  SUFERSATANT 


2)  IVAFOSATE  SUFERKATAHT  IN  KOTART  EVAFORATOR  TO  DkfNESS 

REDI3SOLVB  RESIDUE  IN  AFFROXINATELT  10  ML  OF  H2O 


3)  RESIDUE  FASSED  THROUGH  PRECONDITIONED  ANALTTICHEM  BOND  ELUTE  C-18  COLUMN 
C-18  COLUMN  WITH  TOXIN  RINSED  WITH  APPROXIMATELY  5  UL  OF  H,0 
ELUTE  TOXIN  IN  3  ML  OF  METHANOL  ^ 

BTAFORATE  METHANOLIC  TOXIN  SOLUTION  UNDER  NITROGEN  STREAM 


4)  SLURRY  FACE  SILICA  GEL  COLUlQi  WITH  CHCl.  :MeCH:H,0 

65:35:10  (BOTTOM  LAYER)  ^  ^ 

50  GRAMS  OF  FLASH  SILICA  IS  FACEED  INTO  30  CM  x  2.55  CM  GLASS  COLUMN 
TOXIN  CONTAINING  RESIDUE  IS  DISSOLVED  IN  COLUMN  NOBILE  PHASE  AND 

INTRODUCED  INTO  COLUMN 

THE  TOXIN  IS  ELUTED  UNDER  ISOCRATIC  CONDITIONS  AND  MONITORED  BY  TLC 


5)  SILICA  COLUMN  TOXIN  CONTAINING  FRACTIONS  ARE  COMBINED  AND  THE  ORGANIC 

SOLVENT  EVAPORATED 


6)  me  -  C-18  -  ALTEX  4.6  MM  X  25  CM 

METHANOL:  .052  TRIFLUOROACETIC  ACID  IN  H.O  (70:30) 
FLOW  RATE  -  2.0  ML/MIN,  TOXIN  ABSORBS  AT  240  MIN 


7) 


COMBINE  FRACTIONS  CONTAINING  TOXIN 


8) 


DESALT  WITH  XRFTOFIX  221B  POLYMER  AND  XRPTOFIX  222B  POLYMER 
(E.  MERCK,  DARMSTADT,  FRC) 


figure  3  Tritiua  incorporation  into  free  alphe-carbozyl  residues 


H,N-CH-CONH - CONH-CH-CONH-CH-CO,H 


f' 


1' 

AeNH-CH-CONH- 


XX- 
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AeNH-CH-CONH- 


Ac^ 
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R_i  N— <-R 


-CONH-CM 


Base 


»H,0 


-CONH-CH-CONH-C-CO-H 


?• 

H,N-CH-CO,ll  + 


Hydiotysis 


If.. 


‘U 


U,N-CH-CO.H  ♦  H.N-C-CO.Ii 
I 
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Flgare  4  Locations  of  hydrogen  addition  in  the  hydrophobic  tail  of  the  ASM 
■oiety. 


-  CH-=  C."  <iv^  ~  ~  Coo  K 
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3-Aalno-9-m«thoxy-2,6,8-trimethyl-10-phenyl  deca-4,6-dienolc  acid 


T«bl«  1.  Conpariton  of  the  toxicity  of  Hodulacia  toxin  with  its 
hydrogenated  derivative. 


Dosage 


Survival  Tiae 


Z  Liver  Weight 


1 


Z  Kidney  Weight'' 


■odolaria  Toxin 


23,.bkAk 

■o.  1 

1,630  aii^ 
1,626  aiar 
1,623  •in'* 

4.4 

1.1  m 

lo.  2 

5.4 

1.3  89 

■o.  3 

3.7 

1.3 

So.  1 

1,621  ain^ 

4.2 

1.3  m 

Bo.  2 

1,618  sdn. 

4.2 

1  .4 

Bo.  3 

1,613  ain^ 

4.5 

tPQ  ttt/lu 

Bo.  1 

224  min 

7.7 

Bo.  2 

127  ain 

7.9 

»•*  1 

Bo.  3 

161  ain 

8.1 

m-Bs/u  ^ 

Bo.  1 

63  Bin 

8.7 

1.5 

Bo.  2 

125  Bin 

7.8 

Bo.  3 

90  Bin 

8.0 

1  *5 

3W  BS/kt  W 

Bo.  1 

89  sdn 

10.2 

1.5  m 

Bo.  2 

84  Bin 

8.8 

1.5  □ 

Bo.  3 

100  Bin 

8.9 

1.^  ^ 

Control 

Bo.  1 

124  Bin^ 

5.3 

1.4  1 

(1  ce  saline) 

Bo.  2 

93  Bin^ 

4.2 

1.3  § 

(.75  ce  saline) 

Bo.  3 

1,546  ain^ 

5.2 

1.6  SI 

(.50  ce  saline)  rl 

r9^l 

Bo.  4 

175  Bia^ 

4.2 

1.4  m 

(.25  ce  saline)  ^ 

1.  Liver  weight  expressed  as 

percentage  of  aouse 

body  weight 

3 

2.  Kidney  weight  expressed  as 

percentage  of  aouse 

body  weight 

3.  Killed  by  cervical  dislocation 
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Tablt  1,  Continued 


Dosage 

Survival  Tiae 

Z  Liver  Weight^ 

2 

2  Kidney  Weight 

Hydrogenated  Sodularia  Toxin 

m . 

■o.  1 

1,553  ainT 

1,556  mini 

1,555  mia 

4.0 

1.2 

■o.  2 

4.6 

1.6 

■o.  3 

4.5 

1.0 

200  ug/kg  , 

Ho.  1 

1,550  ainr 

1,553  nin:J 

5.8 

1.2 

Ho.  2 

4.2 

1.1 

Bo.  3 

1,549  ain** 

5.4 

1.3 

300  Qg/kg  . 

Ho.  1 

1,547  ain. 

6.2 

1.5 

Ho.  2 

1,542  ain. 

1,542  ain 

5.9 

1.4 

Ho.  3 

5.2 

1.4 

Ho.  1 

1,545  ainr 

6.0 

1.2 

Bo.  2 

1 ,540  ainf 

4.5 

1.8 

Ho.  3 

1,538  ain-* 

6.4 

1.3 

SM  Ug/fcH 

Ho.  1 

177  ain 

8.7 

1.5 

Ho.  2 

121  ain 

8.5 

1.7 

Ho.  3 

142  ain 

8.0 

1.8 

liOQO  ttt/Kt 

Ho.  1 

138  ain 

9.5 

1.7 

Ho.  2 

191  ain 

9.0 

1.3 

Ho.  3 

141  ain 

8.9 

1.7 

1.  Liver  weight  expressed  es  percentage  of  aouse  body  weight 

2.  Kidney  weight  expressed  as  percentage  of  aouse  body  weight 

3.  Killed  by  cervical  dislocation 


I  i 


» 

1 
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Annoal  Progress  Report  for  the  Tear  Septeaber  1,  1985  to  August  31,  1986 
FRELIMIKART  STUDIES  WITH  CtAROBACTERIAL  NEDROTOXINS 
Bill  Cook,  Alan  Parker,  John  Dellinger,  Karen  Harlin,  Gregg  Lundeen 


conTEars 

1.  Introduction 

2.  Preliminary  Studies  of  Anatozin-a(s)  with  Mice 

a.  Brain  Cholinesterase  Activity  in  Mice  Dosed  with  Anatoxin  aCs),  A 
Meurotoxin  Produced  by  the  Freshwater  Cyanobacteria,  Anabaena 
floB~aauae  MRC  525-17  Compared  to  Physostigmine,  Faraoxon  and 
Pyridostigmine 

b.  Preliminary  Red  Hood  Cell  (RBC)  and  Plasma  Cholinesterase 
Reversibility  Study  in  Mice  After  Intraperitoneal  Injection  of 
Aaatoxin-a(s) . 

3.  Preliminary  Studies  of  Anatoxitt-a(s)  with  Rats 

4«  Preliminary  Studies  of  Anatoxin-a(s)  with  Chickens 

5.  Preliminary  Studies  of  Aaatoxin-a(s)  with  Pigs 

6.  Field  Cases  of  Anatoxin-a(s) 

a«  Field  Toxicosis  in  Ducks  by  Anatoxin-a(s) ,  a  Neurotoxin  Produced  by 
the  Freshwater  Cyanobacteria  Anabimiia  flos-aouae.  and  Studies  with 
Algal  Bloom  Material  Containing  Anatoxin-a(s}  in  Mice,  Ducks,  Pigs, 
and  Cattle 

b.  Aaatoxitt-a(s)  Field  Toxicosis  in  Swine 

7.  Summary 


1.  introduction 

Preliminary  studies  during  the  first  year  were  conducted  with  two 
cyanobacterial  (Anabaena  flos-acuae)  neurotoxins  anatoxin-aCs) ,  [antx-sCs}] 
and  anatoxin-(a)  lantx-a] .  The  majority  of  the  work  waa  performed  with 
antx-a(s),  a  known  cholinesterase  inhibitor,  and  was  aimed  at  characterizing 
and  evaluating  the  clinical  signs  associated  with  this  toxin,  determining 
parameters  and  end  points  needed  for  formal  studies,  and  elucidating  the 
pathophysiologic  mechanisms  of  this  toxin. 
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Th«  structure  of  sntz-oCs)  to  date  ia  still  unknown,  therefore,  whole 
blue-green  algal  cellular  aaterial  and  algal  extracts  of  increasing  purity 
have  been  used  in  studies  with  laboratory  aninsls. 

Field  cases  of  aoatoxin-a(s) ,  one  involving  ducks  and  the  other  swine, 
were  diagnosed  in  Illinois  during  1986  by  the  blue-greer.  algae  research  team 
at  the  University  of  Illinois,  working  in  conjunction  with  Mik  Mahaiood,  Ed 
Hyce  and  the  algae  research  team  at  Wright  State  University,  Dayton,  Ohio. 

2.  PRELIMIHARY  STUDIES  OF  AHATOXIN-A(S)  WITB  MICE 

a.  Brain  Cholinesterase  Activity  in  Hice  Dosed  with  Anatoxip-a(s)..  A 
Heurotoxin  Produced  by  the  Freshwater  Cyanobacteria.  Annhii^nii 
llos-aquae  URC  525-17  Compared  to  Phvsostiemine.  Paraoxon  and 

]SSL 

Introduction 

Anatoxin-a(s) ,  a  known  cholinesterase  inhibitor,  was  evaluated  for 
possible  brain  acetlycholinesterase  inhibition.  The  effect  of  antx-aCs) 
on  brain  cholinesterase  activity  in  mice  was  compared  with  that  of  the 
carbamates  phvsostigmine  and  pyridostigmine,  and  the  organophosphate, 
paraoxon. 

ft 

Msle,  25-35  gram,  Balb/c  mice  (Sprague  Dawley,  Indianapolis,  IM) 
were  housed  in  air-conditioned  quarters  on  a  10  hour  dark,  14  hour  light 
cycle  and  were  provided  feed,  Wayne  Research  Axiiul  Diet,  (Rodent  Blox, 
Bemia  Co.,  Inc.,  Peoria,  IL),  and  water  ad  libitum. 

Groups  of  4-7  mice  were  dosed  intraperitoneslly  (IP)  with  antx-a(s), 
physostigmine  (Antilerium,  physoatigmine  salicylate,  O'Neal,  Jones  and 
Feldman,  Inc.,  St.  Louis,  HO),  pyridostigmine  (Regonal,  pyridostigmine 
bromide.  Organon  Inc.,  Vest  Orange,  MJ),  paraoxon  (Sigma  Chemical  Co., 
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8t.  Louis,  lO),  «nd  a  control  aolntion  conprised  of  distilled  deionised 
vater  containing  IZ  ethanol.  Anatozin-a(s)  produced  by  the  method  of 
Mahmood  and  Carmichael  vas  obtained  from  V.V.  Carmichael  (Wright  State 
University,  Dayton,  OH).^  Anatozin>a(s)  stored  at  -20°C  prior  to 
use,  vas  brought  into  solution  for  dosing  vith  ethanol  such  that  the 
final  dosing  solution  contained  less  than  IZ  ethanol.  Paraoxon  vas 
stored  at  a  concentration  of  less  than  10  millimolar  in  dry  acetone  at 
-20°C  prior  to  use.  The  final  dosing  solution  of  paraoxon  contained 
less  than  IZ  acetone.  Distilled  deionized  vater  vas  used  in  diluting  all 
toxins  for  dosing.  The  control  solution  vas  administered  in  volumes  equal 
to  that  administered  vith  antx**a(s)  on  a  kilogram  veight  basis.  This 
volume  vas  the  msximum  administered  on  a  veight  basis  vith  any  of  the 
toxins.  Doses  are  shovn  in  Table  1.  Injections  vere  made  vith  1  ml 
tuberculin  syringes  having  a  25  gauge,  5/8"  needle. 

One  group  of  adce  vas  dosed  vith  esch  toxin  daily  from  9*‘12:00  AM. 
Surviving  mics  vere  killed  at  24  hours  by  cervical  dislocation.  Five 
groups  of  4-7  mice  vere  dosed  vith  each  toxin,  a  total  of  32  mice  vith 
antx*-a(s),  35  mice  vith  pyridostigmine,  physostigmine  and  paraoxon,  and 
20  mice  vith  the  control  solution. 

The  entire  brain  of  mice  dying  prior  to  24  hours  or  killed  at  24 

hours  vts  removed,  veighed,  frozen  in  liquid  nitrogen,  and  stored  at 

->80^C  until  analyzed  for  cholinesterase  activity.  Brain  tissue  vas 

analyzed  for  cholinesterase  activity  by  the  Modified  Bllman  Method  vith 

the  modification  of  grinding  (Brock  Tissue  Grinder,  Fisher  Co.,  Itasca, 

IL)  the  entire  brain  in  20  ml  of  IZ  Triton  Z  (Triton  Z-100,  Sigma 

2 

Chemical  Co.,  St.  Louis,  MO).  Cholinesterase  activity  vas  nmasured  on 
a  Perkin  Elmer  Lamda  3  UV/VIS  Spectrophotometer  (Perkin  Elmer,  Morvalk, 
Cl). 


^ ^  ^ 


mmm 


Statiatical  analyaia  of  the  data  is  incomplete. 

The  doses  of  toxins,  numbers  of  mice  that  died  at  each  dose,  and 
results  of  brain  cholinesterase  determinations  are  presented  in  Table  1 
and  2.  Data  has  not  been  statistically  analysed,  however,  there  appeared 
to  be  no  remarkable  depression  in  brain  cholinesterase  activity  in  mice 
that  died  after  intraperitoneal  injection  of  antx-a(s}  or  the  peripheral 
acting  carbamate  pyridostigmine.  In  comparison,  the  central/peripheral 
acting  carbamate,  physostigmine,  and  the  organophosphate,  paraoxon  did 
cause  brain  cholinesterase  depression  in  mice  that  died  before  24  hours. 
Brain  cholinesterase  activities  in  mice  dosed  with  antx-a(s), 
physostigmine  or  pyridostigmine  and  killed  at  24  hours  after  injection 
did  not  reveal  brain  cholinesterase  inhibition.  In  contrast,  mice  dosed 
with  paraoxon  and  killed  at  this  time  did  have  depression  of  brain 
cholinesterase  activity.  Clinical  signs  observed  in  mice  dosed  with 
antx-a(s)  (Table  3)  included  the  parasympathetic  signs  of  thick 
salivation,  mucoid  lacrimation,  urination,  and  either  mucus  excretion 
from  the  rectum  or  diarrhea.  Hicotinic  signs  included  muscle  tremors  and 
fasciculations.  The  character  of  respiration  changed  in  antx~a(s)  dosed 
mice  and  was  characterized  by  a  more  pronounced  respiratory  effort  with 
an  increased  abdominal  component.  Mice  appeared  cyanotic  prior  to  death. 
The  animals  squinted  their  eyelids  shortly  aftar  dosing,  but  with  tine 
squinting  disappeared  and  was  replaced  in  some  mice  by  bulging  of  the 
eyes.  Clinical  signs  in  animals  injected  with  sntx-s(s)  persisted  longer 
than  the  clinical  signs  observed  in  mica  given  either  of  the  carbamates. 
Decreased  movement  was  generally  observed  in  mica  until  just  prior  to 
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d««th  iA«n  clonic  soisurM  occurred.  Penile  erection  ves  observed  et 
deeth  with  the  greetest  concentretions  of  antz-e(s)  adainistered. 

Discos sion 

In  nice  dying  or  killed  24  boors  postdosing  with  antz-sCs),  no 
renerkeble  depression  of  brain  cholinesterase  activity  was  observed, 
suggesting  that  aatz-a(s)  did  not  cross  the  blood  brain  barrier.  In  this 
regard,  antz-a(s)  was  acting  nore  like  the  peripheral  acting  carbamate, 
pyridostigmine.  However,  clinical  signs  in  nice  dosed  with  antz-a(s) 
persisted  longer  than  those  observed  with  the  carbamates.  The  time  frame 
of  clinical  signs  with  aatx<*a(s)  was  more  similar  to  that  observed  with 
the  organophosphate,  paraoxon.  Clinical  signs  in  antz*-a(s)  dosed  mice 
were  consistent  with  that  of  a  cholinesterase  inhibitor  and  reflected 
stiamlation  at  anscarinic  and  nicotinic  parasympathetic  cholinergic 
receptors. 

b.  Preliminary  Red  Blood  Cell  (MC)  and  Plasma  Cholinesterase 

Uversibilitv  Study  in  Mice  After  Intrsperitoneal  Iniection  of 

AnatQxin-a(s). 

Introduction 

Anatoxi»-a(s).  a  demonstrated  irreversible  cholinesterase  inhibitor 
ift.  vitro,  was  evaluated  vivo  for  reversal  of  cholinesterase  inhibition 
in  mice.^ 

ip4, 

Toxin  was  provided  by  V.  V.  Carmichael,  Vrigbt  State  University, 
Dayton,  OB.  Fourteen  Balb/c  mice  (Harlan  Sprague  Dawley,  Indianapolis, 
IX)  housed  and  fed  as  previously  described  were  injected  IP  with  200  ug 
of  antZ"a(s)/kg  body  weight  (BV).  An  equivalent  volume  of  distilled 
water  containiog  12  ethanol  served  as  a  control  and  was  injected  IP  in  3 
mice.  Anatoxin-a(s)  was  mixed  into  solution  with  ethanol  such  that  the 


filwl  doting  aolution  contained  leaa  than  IZ  ethanol.  Mice  vere 
decapitated  at  30  ainutea,  6  houra  and  24  honrt  poatinjeetion.  Blood  vaa 
collected  via  a  funnel  into  a  1.9  al  polypropylene  aicro  centrifuge  tube 
containing  15  ul  aodiua  heparin.  A  fifty  ul  aaaple  of  RBCa  obtained 
after  blood  vaa  centrifuged  at  2,500  BPM  for  5  ainutea,  vaa  lyeed  vith 
1.95  al  of  5Z  Triton  Z.  One  hundred  ul  of  thia  lyaate  vaa  brought  to  10 
al  vith  phoaphate  {A  8  buffer,  and  3  al  of  the  f^ual  aolution  vaa 
analyacd  for  cholineateraae  activity  by  the  Modified  Ellaan  Method. 

Plaaaa  vaa  analyxed  by  the  Modifided  Ellaan  Method. 

leaulta  are  preaented  in  Table  4.  Mice  doaed  vith  antx**a(a)  toxin 
exhibited  diarrhea  and  urination  after  injection.  At  30  ainutea,  plaaaa 
and  BBC  cholineateraae  activitiea  vere  approxiaately  27Z  and  43Z  of 
control  valnea,  reapectively.  At  24  houra,  plaaaa  cholineateraae 
activity  vaa  atill  only  50Z  of  control  plaaaa  cholineateraae  at  24  houra 
vheraaa  BBC  cholineateraae  activity  had  returned  to  noraal. 

Diacuaaion 

Mouae  plaaaa  cholineateraae  appeared  aor*  aenaitive  to  inhibition  by 
aatx-a(a)  than  aouae  !L2C  cholineateraae.  Thia  pattern  of  . oolineateraae 
inhibition  vaa  aiailar  to  that  obaerved  vith  organophoaphate  compounda. 
Plaaau  and  BBC  cholineateraae  in  aice  doaed  vith  antx-a(a)  vere  not 
rapidly  revcraible. 

PBELIMPIABT  8T0PIE8  OF  AWAT0ZIH-A(8)  AW)  iZATOnW-A  WITH  RATS 
Introduction 

Bata  vere  doaed  orally  and  intraperitoneally  vith  blue-green  algae 
neurotoxina  to  aaaeaa  the  auaceptibility  of  thia  apeciea  to  tvo  Anebe«»Be 
floa-aauae  neurotoxina  anatoxin-a(a}  and  anatoxin-a,  to  charactarixe 
clinical  aigna  by  tbeaa  routea  of  adainiatration  and  to  evaluate 
electroencephalographic  alterationa  Iantx-a(a}  only]. 
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■tateri»l«  and  Methodt 

Fischer  344  rats  (Sprague  Davley,  Indiaxupolls,  Indiana)  weighing 
200-350  grass  were  gavaged  via  a  7.6  ca  stainless  steel  gavage  needle 
with  lyophilized  Anabaena  flos-aaoae  cells  containing  antx-aCs)  (W.W. 
Carsichael,  Vright  State  Oniversity,  Dayton,  Ohio).  Rats  were  dosed  at 
0.1,  0.5,  1.0  and  2.0  ga  of  blue-green  algae/kg  BV.  Algae  was  nixed  in 
distilled  water  in  final  dosing  volcnes  of  lass  than  4.1  al. 

One  Fisher  344  rat  was  gavaged  via  a  7.6  ca  stainless  steel  gavage 
needle  with  0.5  ga  and  2  ga  of  antx-a  lyophilized  blue-green  algae 
cellular  aaterial  containing  antx-a  (V.V.  Caraichael,  Vright  State 
University,  Dayton,  Ohio) /kg  BV.  Lyophilized  algae  was  aixed  in 
distilled  water  with  a  final  dosing  voluae  of  3.7  al. 

TVo  Fisher  rats  as  described  above  were  dosed  intraperitoneally  with 
lethal  doses  (1.25-3.4  al)  of  "seaipurified**  antx-a(s).  '^enipurif ied" 
antx-a(s)  was  extracted  froa  lyophiliaed  algae  using  the  aathod  of 
Caraichael  and  Mahaood,  except  for  oaission  of  ultracentrifugation  and 
S«1  filtration  steps  so  that  the  coneantrated,  acidified  algal  extract 
was  placed  directly  into  C-18  Sep  Fak  cartridges.  In  this  aathod,  five 
graas  of  cellular  aaterial  was  extracted  with  250  al  of  ethanol  and 
brought  up  in  a  final  voluae  of  50  al  of  deionised  water.  An 
electroencephalograph  aachine  (Graas  7/8  pbysiograph/BEC,  Grass 
Instruaent  Co.,  Quincy,  MA)  was  used  to  aonitc>r  electrical  activity  in 
the  brain  of  rats. 

Mo  clinical  signs  were  observed  in  rats  gavaged  with  lyophilized 
algal  cells  containing  antx-a(s)  at  any  dose.  However,  "seaipurif ied” 
aatx-a(s)  was  lethal  in  rats  by  the  IF  route,  and  the  clinical  signs 
observed  in  these  rats  are  liated  in  Table  5. 
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Blectro6neephalogr«phic  alteratioas  observed  in  the  brain  of  one  rat 
dosed  IP  vith  "sesipurified"  antx**a(s)  included  crude  spike  activity  that 
preceded  seizure  activity  and  dysrhythmic  activity  (slov  wave  activity) 
at  tines  other  than  seizures. 

Clinical  signs  observed  in  the  rat  dosed  with  2  grans  of  algae 
containing  antx-a/kg  BV  consisted  of  atakisi  nuscle  tremorst  dropping  of 
the  headf  reeunbencyi  lack  of  tail  novmentt  intemittant  hopping 
novenent  due  to  contractions  of  the  rear  legs,  dyspnea,  head  pressing, 
and  a  cool  external  body  tesperature. 

PiK^iffioa 

The  rat  was  resistant  to  antx-aCs)  toxicosis  after  oral 
adninistration  of  lyophilized  algae.  The  electrocneephalographic 
alterations  and  clinically  observed  narcotisation  observed  in  one  rat 
after  IP  adninistration  of  algae  containing  antx>a(s)  nay  indicate  a 
central  effect  of  antx-a(s)  on  the  brain  of  the  rat.  The  possibility  of 
BBC  alterations  being  due  to  anoxia  could  not  to  be  ruled  out.  Bats  were 
susceptible  to  toxicosis  after  oral  adninistration  of  lyophilized  algae 
containing  antx>a. 

4.  PBKLIMIH4RT  8TTOIBS  OF  AKATOXI»-A(S)  WITH  CHICTOIS 
Introduction 

Chickens  were  utilized  for  prelininary  evaluation  of  possible 
delayed  neurotoxicity  with  antx-aCs). 

Materials  and  Methods 

A  1.2  kg  pullet  was  dosed  vith  3.0  and  6.0  nl  of  crude  extract  of 
lyophilized  blue-green  algae  naterial  on  consecutive  days.  A  second  2 
year  old,  2.1  kg  white  Leghorn  laying  hen  was  dosed  via  a  jugular 
catheter  (21  x  3/4"  butterfly  infusion  set)  with  S.O  nl  of  the  extract. 
Crude  extract  was  prepared  by  nixing  1.5  grans  of  lyophilized  algae  in  18 
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■1  of  Itotooic  MaCl,  tonication  for  10  ainutei,  eentrifugatlun  at  3,000 
tPM  for  10  ainutea  and  filtration  through  a  0.45  uM  filter.  Chickens 
where  observed  daily  for  signs  of  delayed  neurotoxicity. 

The  first  chicken  died  within  24  hours  of  the  second  dosing  in  the 
acute  stage  of  antx-a(a)  toxicosis  without  tias  to  possibly  develop  any 
signs  of  delayed  neurotoxicity.  Clinical  signs  observed  in  the  second 
chicken  after  dosing  included  salivation,  diarrhea,  suscle  treaors, 
ataxia,  reluctance  to  sK>ve  and  drooping  of  the  head.  Clinical  signs 
abated  by  18  hours  poatdosing.  After  dosing  this  chicken  lost  weight  for 
9  consecutive  days  and  did  not  lay  eggs  for  18  days.  The  chicken  was 
observed  for  35  days  with  no  clinical  signs  of  delayed  neurotoxicity. 

5.  PRKLlMIHAaT  STTOITS  OF  A»AT0ITH-A(8)  WITH  PIGS 
Introduction 

Preliainary  studies  utilized  pigs  to  exaaine  the  toxicity,  clinical 
signs,  and  possible  pathophysiologic  ■ccbanisas  of  antx-a(s). 
yttwitli  AP4  Wcthg^i 

Crossbred  gilts  12>40  kg  (Veterinary  Aesearch  Farm,  University  of 
Illinois,  Urbane)  were  fed  a  16Z  protein,  corn-soybean  base  diet  and 
provided  water  ad  libitum  prior  to  dosing  studies. 

Twelve  hours  prior  to  surgical  procedures,  pigs  were  taken  off  feed. 
Anistals  were  anesthetized  via  inhalation  of  halotbane  (Fluothane  using  a 
Fraser  Harlake  Balothane  Machine,  Ohmeda  Co.,  Orchard  Park,  HY).  Jugular 
and  carotid  catheters  (16  gauge  Tygon  Tubing,  Microbore,  A.  Daigger  and 
Co.,  Chicago,  11.)  were  inserted  via  an  incision  in  the  left  jugular 
furrow.  Insertion  of  aortic  and  left  atrial  catheters  was  by  surgical 
incision  behind  and  with  partial  removal  of  the  4th  rib. 
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Catheter  ports  were  tunneled  to  eubcuteneoua  sites  over  the  back 
where  they  were  later  exteriorized  on  the  day  of  dosing  with  surgical 
excision  under  lidccaine  induced  local  anesthesia.  Anatoxin-aCs)  was 
administered  in  successive  doses  intravenously  in  3  pigs.  One  pig  was 
dosed  with  10  ml  of  "semipurif ied"  antx-a(s)  via  the  ear  vein  using  a  22 
gauge  butterfly  catheter. 

Blood  preaanre  and  BEG  recordings  were  made  on  a  Gilson  physiograph 
(Gilson  Electronics,  Inc.,  Middleton,  VI).  Blood  pressure  readings  were 
made  with  Gould  Statham  pressure  transducers  (Gould  Statham  Instruments, 
Inc.,  Hato  Ray,  Puerto  Rico).  Blood  gas  determinations  on  heparinized 
blood  samples  was  determined  with  an  IL  813  blood  gas  suchine 
(Instrumentation  Laboratories,  Lexington,  MA). 

Plasma  and  brain  cholinesterase  activities  were  determined  by  the 
Modified  SllMn  Method.  One  hundred  ul  of  red  blood  cells  obtained  by 
centrifuging  whole  blood  EDTA  containing  at  2,500  RPM  for  5  minutes,  were 
lysed  in  1 .9  ml  of  SZ  Triton  Z.  Two  hundred  ml  of  the  lysate  was  brought 
to  10  ml  with  phosphate  iA8  buffer,  and  3  ml  of  this  solution  was  used 
for  cholinesterase  analysis. 

Clinical  signs  observed  during  intravenous  dosing  studies  in  pigs 
are  presented  in  Table  6.  Times  of  dosing,  amounts  of  toxin 
administered,  RBC  and  plasma  cholinesterase  activities,  and  blood  gas 
results  are  presented  in  Tables  7  to  9.  Bo  narked  seizure  activity  or 
evidence  of  miosis  were  observed  in  any  pige.  Blood  gas  changes  in 
general  included  increases  in  pC02  and  narked  decreases  in  p02  and 
blood  pH.  Blood  gas  changes  reflected  death  due  to  anoxia. 

In  general,  evaluation  of  electrocardiograna  has  not  revealed 
changes  that  would  be  expected  with  a  classic  cholinesterase  inhibitor. 


•xecpt  for  •  aild  bradycardio  in  one  pig*  Evaluation  of 
altctroaneaphalograph  reeordinga  have  revealed  no  alterationa  consiatent 
vith  a  direct  affect  of  antz-a(a)  on  the  brain  in  3  avine  that  died  after 
auceeaaivc  intravenoua  doaea  of  antz-a(a).  Slectroayograph  evaluation  of 
■uacle  treaora  indicated  treaora  were  due  to  aotor  unit  action  potentiala 
(lower  Motor  neuron  origin)  and  did  not  apparently  originate  from  the 
■uacle  itaelf.  The  EMG  findinga  were  compatible  with  thoae  of  a 
cbolineateraae  inhibitor. 

Blood  preaaure  readinga  have  only  been  recorded  from  1  pig,  (Table 
9a)  but  revealed  a  marked,  but  temporary  increaae  in  pnlaunary  artery 
preaaure  after  toxin  adminiatration  (Figure  1).  A  tranaient  decreaae  (30 
aec.)  in  aortic  mean  blood  preaaure  occurred  aimultaneoualy  each  time 
pulmonary  artery  preaaure  increaaed.  A  tranaient  tachycardia  vaa 
obaerved  coincident  with  the  drop  in  aortic  blood  preaaure.  Pulmonary 
arteriolar  vaaoconatriction  ia  a  mechaniam  that  could  account  for  acme  of 
the  blood  preaaure  changaa. 

A  IS  kg  pig  waa  adminiatered  10  ml  of  "ecmipurif ied"  antz’'a(a)  via 
the  ear  vein  over  10  aecooda.  The  pig  died  in  18  minutea  after 
exhibiting  ataxia,  aalivation  and  tremora.  The  akin  of  the  pig  became 
brightly  erythematoua  after  doaing  auggeating  peripheral  vaaodilation. 
Probcble  aympathetic  atimulation  induced  by  handling  mads  the  erythema 
diaappear.  Ho  aeixurea  or  clinical  aigna  that  could  be  directly 
attributed  to  central  nervoua  ayatem  dyafunction  were  obaerved. 

Aaalyaia  of  brain  cbolineateraae  activity  in  the  4  avine  that  died 
of  antx-a(a)  have  revealed  cbolineateraae  activity  within  normal  rangea. 
Progreaaive,  cholineateraae  inhibition  vaa  obaerved  in  plaama  and  BBC 
vith  aucceaaive  toxin  adminiatration.  In  general,  BBC  cbolineateraae  vaa 
inhibited  more  than  plaama  after  aatX'‘a(a)  adminiatration. 
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l«ttrolotl'.  •zuinationst  EEC  recordings  end  brain  cholinesterase 
activity  determinations  in  pigs  suggested  that  antz->a(s)  doses  not  cross 
the  blood  brain  barrier  in  pigs.  The  cause  of  death  in  pigs  appears  to 
be  anoxia  and  acidosis  secondary  to  cholinesterase  inhibition  and 
respiratory  paralysis.  Recent  %ork  has  revealed  alterations  in  pulmonary 
artery  blood  pressure  in  1  pig*  and  this  finding  varrants  confirmation  in 
future  studies. 
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Table  1.  Doms  of  "■eaipurified'*  anatoxin-aCa},  phyaoatigBina, 

pyritioatigBine  and  paraoxon  injected  intraperitoneally  into 
mi  the  nuaber  of  sice  that  died  before  24  hoora  and  the 
no  St  of  mice  doaed. 


laaa 

4natoxin-a(a) 


Phyeoatignine 

m 


PyridoatigBkine 

ft 


Paraoxon 


Doae 

225.0  ug/kg 
228.75  ug/kg 
232.5  ug/kg 
240.0  ug/kg 
700.0  ug/kg 

650.0  ug/kg 
700.0  ug/kg 
725.0  ug/kg 
750.0  ug/kg 
950.0  ug/kg 

1.150  ug/kg 
1,450  ug/kg 
2,100  ug/kg 

2.150  ug/kg 

2.250  ug/kg 

1,000  ug/kg 

1.250  ug/kg 
1,275  ug/kg 
1,312  ug/kg 
1,375  ug/kg 


Table  2. 

TOXIM 

Aaatosiii-a(«) 

Aaatoxia>a(s) 
highest  dose 

Fhysostigaine 

Pyxidostigaine 

Paraoson 


braia  cholinesterase  activities  of  nice  that  died  prior 
to  24  hours  or  killed  at  24  hours  after  intraperitoneal 
injection  with  anatoxin>a(a)(  physostignine,  pyridostigaine 
paraoxon  or  control  solution. 

STA'iTJS  CHOLiyZSTERASE  ACTIVITY 

(uM/g/ain) 


£ifii 

Killed  at  24  hours. 

£isl 

a-22 

n-12 

10.59 

10.42 

11-4 

— 

9.85 

■— 

n-17 

n-18 

1.87 

10.55 

n-11 

n-24 

10.04 

10.29 

n-20 

n-15 

0.11 

3.81 

Control 


n-20 


10.38 
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Table  3.  Clinical  aigna  categorized  by  auapected  aite  o£  action  in  mice 
injected  intraperitoneally  with  anatozin-a(a) . 


Poatganglionic  neuroeffector 
aitea 


Muscarinic 


Ganglionic  (auapected) 


otbsg, 


Thick 

aalivation 


Mnacle  tremor a 


Penile 

erection 


Ataxia 


Mucua  accretion  Muacle  faaciculation 
from  rectum 


Oecreaaed 

movement 


Oyapnea 


Jaw  movementa 


Diarrhea 


Inercaaed  abdominal 
compotkent  to 
reapf.ration 


Squinting  of 

eyea 


Mncna 

lacriaution 


Bulging  of 
eyea 


Urination 


Cyanoaia 


tectal  sphincter 
dilation 


Clonic 

aeizurea 


Table  4.  Reveraibility  of  plaraa  and  red  blood  cell  cholinesterase 
activity  in  nice  dosed  intraperitoneally  with  anatozin-a(s) 
and  control. 


Tine  _ Anatoxin-a(s) _  _ Control 


Cholinesterase*  Cholinesterase* 

Z  Z 


■o.  of 
Mica 

Plassu 

Inhi¬ 

bition 

SBC 

Inhi¬ 

bition 

Ho.  of 
Mice 

Plasma 

RBC 

30  nin 

n  “  4 

0.51+<).15 

73 

0.2640.10 

56.7 

p 

1 

1.85 

0.60 

6  boors 

n  ■  4 

0.93449.176 

50.8 

0.4640.12 

23.3 

n  ■  1 

2.33 

0.56 

24  hours 

n  “  6 

0.95449.21 

49.7 

0.6(M.14 

0.0 

n  ■  1 

1.48 

0.50 

Average  of  control  nice  injected  n  ■  3  1.89i:  0.60jt 

0.35  0.04 


^nits  in  uM/l/nin 


Tabic  5.  Clinical  signs  in  rats  after  intraperitoneal  injection 
of  lethal  doses  of  anatoxitt-a(s} 


Salivation 

ChroBodacryorxhea 

Hncns  discharge  froa  the  rectua 

Rectal  sphincter  dilation 

Miscle  trenors  and  fasciculations 

Increased  respiratory  effort  * 

Dyspnea 

Increased  abdosiinal  coaponent  of  respiration 
Decreased  rectal  teaperatnre 
Cool  external  body  temperature 
Ataxia 

Decreased  righting  ability 
Generally  decreased  movement 
Intermittent  leaping 
larcosis 

Jam  movements  prior  to  death 

Cyanosis 

Clonic  seizures 
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T«ble  6.  CIinie«l  signs  in  3  pigs  sftsx  intrsvsnous  sdainistrstion 
of  "saiiparif ied"  snstonin-s(s}. 


Hsrcosis 

Sslivstion 

Mucoid  nsssl  dischsrge 

Muscle  fssciculstions 

Muscle  tremors 

Eectsl  sphincter  dilation 

MncttS  secretion  from  rectum 

Sisrrhes 

Atsxis 

Bruxism 

Increased  abdominal  component  to  respiration 
Dyspnea 

Decreased  nasal  capillary  refill  time 

Kystagnua 

Cyanosis 

Eespiratory  paralysis 
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Xabls  7«.  Pl«nu  and  RBC  choliaaaterasa  activity  aod  blood  gaa 

detexminationa  la  a  35.9  kg  pig  (Pig  #  1}  after  successive 
doses  of  "seaipurif ied”  anatoxinra(s} 


Cholinesterase 

(uM/l/ain) 


Tim  (>in) 

Dose  (el) 

Plasm 

Percent 

Inhibition 

RBC 

Percent 

Inhibition 

Predose:  0 

0 

0.343 

0.0 

2.68 

0.0 

0 

0.5 

15 

2.0 

— 

30 

4.0 

— 

— 

45 

4.0 

— 

— 

47 

— 

0.095 

72.3 

0.65 

62.7 

60 

8.0 

— 

— 

75 

0.098 

71.4 

0.037 

98.6 

77 

0.086 

74.9 

0.098 

96.3 

Table  7b.  Blood  gas  datex«inations  in  a  35.9  kg  pig  (Pig  #  1) 

after  successive  doses  of  "seaiipurified**  anatoxin-a(s) 


Tim  (ain) 

pH 

P«>2 

pOj 

Bet 

Sb 

Toep 

predose:  0 

7.448 

36.1 

99.7 

35 

11 

40.0 

47 

7.441 

33.1 

99.4 

30 

10 

40.0 

75 

7.416 

38.1 

90.87 

37 

12 

40.0 

77 

7.259 

34.4 

80.4 

41 

12.5 

40.0 

49 


Table  8.  Plaama  and  RBC  cholinaateraae  activitiaa  and  blood  gas  values 
of  a  12.27  kg  pig  (Pig  #2)  after  successive  doses  of 
"senipurif ied"  anatoxin~a(s). 


l•¥7J 


Total  toxin 
-  S.66«l 


.5  27 .3 

.4  38.6 


4  •  Arterial 
?  •  Venous 
*  -  <^C) 


A  7.48  32.8 
predose  V  7.44  36.9 


82.7  39.5 
35.9 


0.306 


(uM/L/min) 

RBC 


2.12 


27.4 

30.9 

90.7 

33.4 

39.9 

— 

_  I 

30.1 

35.0 

88.7 

36.4 

40.2 

0.282 

7.8 

1.67  21.2 

87.1  40.1 
37.9 


76.8  40.0 
31.7 


88.7  40.1 
36.4 


0.245  19.9  1.61  21.2 


0.221  27.8  1.23  42.0 


0.172  43.8  .65  69.3 


i  33.7 
»  35.6 

91.4 

34.9 

40. 

0.110 

64.1 

.36 

83.0  1 

>  35.7 

>  38.6 

84.2 

34.9 

40.3 

0.086 

71.9 

.17 

92.0  ( 

1 

1  31.5 

'  36.0 

86.7 

32.7 

40.3 

0.049 

84.0 

.04 

98<1  1 

>  32.3 

40.2 

85.8 

29.3 

40.5 

0.025 

91.8 

0 

100  1 

...  _  ' 

36.2 

40.2 

67.6 

33.4 

40.8 

0.025 

91 .8 

0 

100  ^ 

1 

46.6 

58.0 

36.5 

15.2 

40.8 

0.025 

91.8 

0 

100  1 

i 

38.5  41.0 
8.9 


25.6  41.0 

6.8 


ZInb.  - 


0.025  91.8 


0.025  91.8 


Percent  Inhibition 
■ot  detexained 
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T«bl«  9«.  Left  atrial (  aortic,  and  pnlaoaary  artery  nean  blood 

pressure,  and  heart  rate  ia  a  20  kg  pig  (#  3)  administered 
successive  doses  of  semipurified  aiutozin-a(s) 


Time 

Dosed 

Bout) 

and 

Dose 

s*  Time  of 

Mean  Blood  Pressure  (imzfis) 

Heart  Rate 

Measurement  Left  Atrial 

Aortic 

Pulmonary  Art. 

(Beats /minute) 

0 

Fredose 

8 

106 

22 

ISO 

0 

A 

0-5  min  postdose 

8 

50 

44 

168 

30  min, 

.  B 

0-5  min  predose 

8 

112 

22 

108 

0-5  min  postdose 

10 

54 

60 

200 

60  min, 

.  c 

0-5  min  predose 

10 

110 

22 

108 

0-5  min  postdose 

10 

90 

32 

120 

90  min 

,  c 

0-5  min  predese 

3 

110 

23 

120 

0-5  min  postdose 

8 

70 

45 

140 

120  min,  C 

0-5  min  predose 

8 

104 

24 

0-5  min  postdose 

IS 

50 

40 

m  Pulmonary  artery  injection  of  1  ml  of  *semipurif led”  anatoxin-a(s)  over  5 
seeoods. 

B  ■  Left  atrium  injection  of  1  sd  of  "semipurified”  anatozi»>a(s)  over  5 
seconds. 

C  ■  Left  atrium  injection  of  1  ml  of  "semipurified”  anatonitt-a(s)  over  1 
minute. 

Total  toxin  administered  ■  5.0  ml 


51  - 


Table  Sb.  Flaaaa  aad  UC  cboliaaatarasa  dataxaiiiationa,  blood 
gas  and  blood  ^  of  a  pig  (#  3)  adainistaTad 
aoeeassiva  dosas  of  "saaipurif lad"  anatozin-aCs) 


(oM/l/ain) 


Caaas  (aidg} 


Blood  pH 


Z 


Jim. 

Plaaaa 

Inhibition 

I»C 

Fradesa 

0.27 

0.0 

1.81 

0.5  br. 

0.14 

48.1 

0.72 

1  hr. 

0.09 

66.7 

0.61 

1.5  bx. 

0.06 

77.8 

0.06 

1.75  hr. 

— 

— 

— 

2X  !ir. 

0.06 

77.8 

0.03 

2.1  hr. 

— 

— 

Z 


Inhibition 

rooj 

ffla. 

0.0 

40.7 

93.8 

7.4 

60.2 

37.7 

94.7 

7.4 

66.3 

36.0 

94.7 

7.4 

96.7 

36.2 

94.4 

7.4 

38.4 

81.6 

7.4 

98.3 

41.7 

78.9 

7.4 

39.4 

55.2 

7.3 

■■  lot  nm 
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Toxic  freshwater  blufr>green  algae  (cyanobacteria)  are  found  world 


vide*  The  eost  coaeMnly  reported  genera  of  bltte**grcca  algae  associated 
with  toxic  blooes  have  been  Anabaena.  Microcystis,  and  Anhanizoaenon. 
Oscillatoria*  Toxins  froa  these  algae  have  been  responsible  for 
toxicoses  in  doaestic  and  wild  aniaals  in  several  areas  of  the  world. 
Toxins  of  freshwater  bluo-green  algae  have  been  identified  as 
newrotoxins*  hepatotoxins,  and  toxins  causing  gastroenteritis  and 
deraatitis.  Structurally*  these  toxins  are  alkaloids,  polypeptides  or 
ptoridines  that  have  been  partially  or  coapletely  identified. 

■eurotoxins  have  been  isolated  froa  strains  of  the  freshwater 
blue-^een  algae  Anabaena  flos-acuae  and  Aphsnirovenon  flos-aquae.  Known 
alkaloid  neurotoxins  produced  by  Aphanixoaenon.  referred  to  as 
Aphani toxins  I  and  ZX  are  identical  to  neosazitoxin  and  sazitoxin 
respectively.  Anabaena  flos-squae  is  believed  to  produce  four  to  six 
physiologically  distinct  neurotoxins,  terved  anatoxins,  which  have  been 
designated  as  anatoxins  (antx)  a,  b,  c,  d,  a(s)  and  b(s}.  Designations 
were  based  on  opisthrotonus,  salivation  and  survival  tine.  According  to 
this  designation,  antx-aCs)  and  b(o)  caused  clinical  signs  similar  to 
Chose  of  antx-a  and  antx  b,  but  also  caused  salivation  in  laboratory 
animals,  and  were  therefore  designated  with  the  "s”. 

Only  antx~a,  an  alkaloid,  has  been  characterised  structurally. 
iaaeoxi»>a  and  a(s)  have  had  their  physiologic  effects  studied. 

Aantoxia>a  ie  a  potent  irreversible  nicotiaic  agonist  that  causes 


potttynaptie  n«aroaa*cular  blockade  by  reaetiog  tpceifically  with  the 
acetylcholine  poateynaptic  receptor,  and  aay  alto  have  pretynaptic 
activity  accounting  for  an  obterved  inereaae  in  pretynaptic  niniature  end 
plate  potentials.  Anatoxin-a(t}  is  an  "irreversible  acetylcholinesterase 
inhibitor"  that  produces  excessive  cholinergic  stiaulation.  Anabaena 
floa-aonae  clone  IkC-SlS-l?,  isolated  iron  a  bloos  in  Buffalo  Found, 
taskatcheiran,  Canada  in  1965  has  been  the  sole  source  of  algal  aaterial 
containing  antx-a(s)  for  research  in  nice,  rats  and  chickens.  The  bloou 
coaposition  vas  90Z  Anabaena  floe-aquae  and  lOZ  Aphanixonenon  flos-aquae. 
Over  twenty  dogs  and  a  few  calves  were  reported  to  have  been  poisoned 
during  1960-1970  and  1965,  respectively,  by  bloats  in  this  lake.  The 
present  report  describes  the  clinical  signs,  conditions,  and  confirmation 
of  a  natural  outbreak  of  flos-aouae  [aatz-a(s)]  toxicosis  in 

ducks  in  Illinois,  and  experisMntal  dosirg  studies  with  toxic  bloom 
aaterial  in  nice,  ducks,  cattle,  and  pigs. 

Cm,  PglCtigtiOtt 

Sodden  death  in  5  Muscovy  docks,  and  clinical  signs  of  severe 
ataxia,  frequent  sternal  and  lateral  recuabcncy,  and  wing  paralysis  in 
two  other  Muscovy  docks  were  associated  with  a  blue-green  algal  bloom  in 
east-central  Illinois.  Death  and  clinical  signs  occurred  over  5  days  in 
late  July,  1986.  Ducks  were  found  dead  in  the  water  of  a  saall  fata  pond 
oa  aomings  after  they  were  observed  to  be  norasl  the  night  before, 
laitially,  one  morning,  four  ducks  were  found  dead  after  a  mild  rain 
storm  the  night  before.  All  four  of  these  docks  and  a  water  saaple  were 
submitted  to  the  University  of  Illinois  'Veterinary  Diagnostic  Laboratory 
(DX-TDL)  at  Urbana,  A  fifth  dock  was  found  dead  in  the  pond  2  days 
later.  At  this  time  clinical  signs  were  observed  in  2  other  ducks,  one 
of  which  was  iaaediately  submitted  to  the  UZ-VDL  for  necropsy  along  with 


«  Mcood  water  seaple.  The  other  dock  recovered  end  was  clinically 
aorwal  after  60  houra. 

lineteen  ducka,  15  Muacoviea  and  4  Mallarda  had  utilized  thia  pond. 
Twelve  Ikiaeovy  ducka  and  one  Mallard  had  hatched  thia  year  and  were  5 
■ontha  old.  Only  younger  Muacovy  ducka  were  affected.  Moat  ducka  were 
raeoved  from  the  pond  after  the  initial  death  loaa.  One  Muacovy  duck 
that  rasained  on  the  pond  for  4  daya  aftenrarda  ahoved  no  clinical  aigna. 
Ihw  horaea  were  not  affected  that  drank  froa  the  pond  12  houra  before  the 
firat  ducka  were  found  dead.  Ho  deatha  were  obaerved  in  froga  awiaaaing 
in  the  pond  during  the  algal  bloon. 

Green  algae  vaa  obaerved  in  the  pood  for  l-f  veeka  prior  to  deatha 
and,  when  deatha  had  occurred*  wind  had  concentrated  aurface  algae 
againat  the  ahore.  Water  in  the  pond  waa  obaerved  to  turn  blue  after 
deatha  occurred.  The  pond  vaa  conatructed  3  yeara  ago  and  vaa  7.3  aaitera 
deep  and  only  IS  netera  in  dianeter.  A  drain  deaigned  to  carry  runoff 
fro*  an  adjacent  field  enptied  into  the  pond. 

liatopathologic  ezan {nation  vaa  conducted  on  tiaauea  fro*  5 
necropaied  ducka.  Brain  cholineatcraae  activitiea  were  detemined  on  the 
brain  tiaaue  of  1  dock  found  dead  on  the  fan  and  1  clinically  affected 
dock  aobnitted  live  for  nacropay. 

Algal  bloom  material  vaa  collected  5  daya  after  the  initial  death 
loaa  in  the  ducka,  concentrated  by  filtration  through  eheeae  cloth  and 
refrigerated  at  4°C  in  a  gauae  covered  22  liter  bottle  for  future 
dosing  studies. 

Materials  and  Methodi 

Six,  6  month  old,  2-3  kg  Muacovy  docks  from  a  different  fan  were 
hewaed  in  a  4  m  x  4  m  stall,  fed  0.5  kg  of  Furina  Dock  Chow  (Crowena  L 
Duck  Chav,  Furina  Co.,  St.  Louis,  NO)  twice  daily  and  provided  water  ad 


libitoa.  four  birds  ¥crs  dosed  vitb  22  ml  of  eoncentrsted  slgse  per  kg 
BV.  Teo  birds  serving  ss  controls  were  dosed  st  22  nl  of  distilled 
«ster/kg  body  weight.  Ducks  were  dosed  st  0,  24,  48,  72  end  75  hours  by 
intrscrop  intubation  with  s  10  French,  36  cm  polypropylene  cstheter 
(Sovereign,  Monoject,  St.  Louis,  HO  63103)  end  s  50  ec  syringe.  Prior  to 
dosing  end  sgsin  shortly  before  death,  birds  were  bled  vis  the  wing  vein 
•sing  e  h^perinised  1  cc  tuberculin  syringe  end  s  26  gauge,  5/8"  needle. 
A  seventh  6  aonth  old,  2>3  kg  Muscovy  duck  from  the  effected  fern  had 
been  dosed  st  22  nl  of  coxteentrsted  elgse/kg  BH  st  0,  24,48,  72  end  98 
hours.  Plssns  was  analysed  for  cholinesterase  activity  by  the  Modified 
Bllnon  Method.  Docks  surviving  78  hours  were  killed  by  decapitation  and 
essonguination.  Brain,  lung  and  breast  snscle  tissue  were  analysed  by 
the  Modified  Bllnan  Method. 

Alese  Idsntifiestion.  Tosin  Isolation.  Mouse  Biossssv  (Wriaht  State). 

Prior  to  dosing  studies,  slgse  was  sent  to  Hright  State  University 
for  light  and  scanning  electron  nicroscopic  algae  identification,  high 
pressure  liquid  chrosMtogrsphic  (IFLC)  analysis  (Bechnsn  340  HFLC),  nouse 
LDjq  biossssy  estiststion  on  BPLC  purified  antz-s(s),  and  in  vitro 
cbolinesterose  analysis.  High  pressure  liquid  cLronstographic  analysis 
was  done  on  on  Alton  CM  Colunn  (4.9  nsi  x  0.15  cn)  80/20  (lOnN 
n^ChjCOO/laM  Ch^COOM  at  1.5  nl/nin,  230  Isnba  at  0.10  0D)1.  The  2 
hour  detexaination  was  node  on  5  groups  of  5  sdce  (XCM  Swiss,  19  jt 
1  grsn)  with  s  constant  If  injection  voloae  of  0.5  sd  at  doses  of  25,  50, 
100  sad  200  ng  of  eatx~a(s)/kg  body  weight  (BH).  A  second  slgse  saaple 
was  sent  to  Bright  State  University  for  additional  nouse  toxicity  testing 
after  these  dosing  studies  to  detemine  if  any  significant  change  in 
toxieity  hod  occurred  ever  the  course  of  the  studies.  AssesssMot  of  Ja, 


vitro  iohibitloii  of  olectrie  ocl  ocetycholiaotterose  (Sigmo  Chmical  Co. , 
St.  Lottis,  MO)  «a«  aasayed  by  the  Modified  Ellsiaa  Method.  Algae  was 
aaalyxed  for  organophoaphates  and  carba&ates  by  gas  liquid 


chroMtography. 

Beneated  Oral  Posing-Cl  Mice_iyi) . 

Kale  Svias  Webster  mice  (Sprague  Dawley,  Indianapolis,  Indiana) 
veighing  38  ^  4  grass  were  garaged  daily  with  20  al  of  concentrated 
blue-griien  algae  at  22al/kg  BV  for  5  days  and  decapitated  3  hours  after 
the  last  dosing.  Whole  blood,  plasaa,  BBC,  lung  and  diaphragm 
cholinesterase  activities  were  deterained.  Whole  blood  and  plasaa 
cholinesterase  activities  were  analyzed  by  the  Modified  Bllaan  Method. 
Fifty  ul  of  BBC,  obtained  after  centrifuging  blood  at  2,500  BPM  for  5 
ainntes,  ves  lysed  vith  0.95  al  of  5Z  Triton  Z.  One  hundred  ul  of  this 
lysate  was  brought  to  10  sd.  with  phosphate  pB  8  buffer,  and  3  al  of  this 
solution  was  analysed  for  cholinesterase  activity  by  the  Modified  Ellaan 
Method.  Changes  in  the  Modified  Ellaan  Method  for  analysis  of  lung  and 
diaphragm  included  using  entire  organs,  grinding  tissues  in  10  and  5  al 
of  phosphate  pB  8  buffer  respectively,  centrifugation  at  2,000  BPM  for  10 
ainntes,  and  addition  of  100  ul  of  supernatant  to  2.5  al  of  phosphate  pH 
8  buffer  for  analysis. 

Mouse  Intrsperitonesl  BioasssT  (PI). 

Four  male  Swiss  Webster  aice  (36.0  4^  1  ga)  were  injected 
intraperitoneally  (IP)  via  a  25  gauge  5/8"  needle  with  0.25,  0.5  or  1.0 
al  of  an  extract  of  pood  water  containing  ants  a~(s)  or  1.0  al  of  water 
for  a  control.  The  extract  was  a  supernatant  from  pond  water  containing 
algae  that  was  frozen  for  12  hours,  thawed,  and  centrifuged  at  10,000  RPM 
for  10  ainntes.  Survival  tiae,  liver  and  kidney  as  a  percent  of  body 
weight  and  brain,  long,  diaphrai^,  whole  blood  and  plasaa  cholinesterase 
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•etivitie*  vere  detenincd.  Four  aiea  (26  ♦  2.5  gu)  vurc  injected  with 
either  0.05  ml,  0.125  ml.  0.2  al  of  the  extrect  or  0.2  al  water  for  a 
control  and  decapitated  just  prior  to  death  (10-15  ainutes  after  dosing). 
Whole  blood  and  plasaa  cholinestearse  aetiwity,  and  liver  and  kidney 
weights  as  a  percent  of  body  weight  were  deterained. 

Adainistration  to  a  Calf 

A  145  kg(  4  aonth  old  ruainating  crossbred  beef  steer  was  boused  in 
a  5  a  z  5  a  box  stall,  fed  alfalfa  hay  twice  daily  and  provided  water  ad 
libitua  prior  to  dosing.  Carotid  and  jugular  catheters  (16  gauge  Tygon 
Tubing,  Microbore,  A.  Saigger  and  Co.,  Chicago,  XL)  were  inserted  via  an 
incision  in  the  left  jugular  furrow  under  glycerol  guiacolate,  xylazine 
and  ketaaine  anesthesia.  Catheter  ports  were  tnnneled  subcutaneously  and 
exteriorised  the  first  day  of  dosixig  under  local  lidocaine  anesthesia. 

The  steer  was  held  off  feed  and  all  bedding  was  renoved  froa  12  hours 
prior  to  the  first  intraruainal  dosing  until  24  hours  after  the  second 
intraroainal  dosing.  The  steer  was  dosed  using  a  stoaach  tube  axul  bilge 
puap  with  22  al  of  concentrated  algal  aaterial/kg  BV  followed  24  boors 
later  by  35  al  of  concentrated  algae/kg  BV.  Forty-eight  hours  after  the 
second  intraruainal  dose  the  steer  was  dosed  intraperitoneally  with  300 
al  of  algae  supernatant.  Extract  was  supernatant  froa  concentrated  algae 
frozen  for  12  hours  and  centrifuged  at  15,000  EFM  for  10  ainutes. 
Xntraperitoneal  injection  was  aade  via  the  left  paraluaber  fossa  with  a 
12  gauge  trocar  under  local  lidocaine  anesthesia.  The  steer  was  redosed 
intraperitoneally  35  ainutes  later  with  250  al  of  supernatant.  EDTA  blood 
was  spun  at  2,500  RPM  for  5  sdnutas  for  plasaa  and  BBC  cholinesterase 
activities.  Plasaa  cholinesterase  activity  was  analyzed  by  the  Modified 
lllaan  Method.  Bed  blood  cell  cholinesterase  activity  was  detemined  by 
lysing  100  al  of  BBC  in  1.9  al  of  5Z  Triton  Z,  diluting  200  al  of  the 


IjMt*  to  10  nl  vitli  phoophato  pi  i  boffor  and  uaing  3  ml  for  aaaay  in  a 
L«da  3  OT/VIS  apectrophotOBOtar  (Parkin  Elaer,  Horvalk,  CT).  Brain, 
long  and  diaphragm  tiaaoa  for  cholinaataraaa  aetivitiaa  vara  frozen  in 
li^id  nitrogen  and  gronnd  in  a  Varing  blender.  Tvo  hundred  ug  aaaplea 
of  tiaanea  vara  analyzed  for  cholinaataraaa  activity  by  the  Hodifiad 
lllaan  Method.  Lung,  diaphragm  and  brain  cholinaataraaa  activities  vara 
coapared  vith  historical  controls. 

Intraaastric  Adainiatration  tQ_ Bvine. 

Three  14-17.5  kg  avina  vara  fed  a  16Z  protein,  corn  soybean  diet 
tviea  daily  and  water  ad  libitn.  Pigs  vara  adainiatered  a  preaneathatic 
dose  of  atropine  and  anaathatiaad  vith  halothana  (fluothane  using  a 
Traaar  Barlake  Aaeathatie  Machine,  Ohaada  Co. ,  Orchard  Park,  HT)  for 
swrgical  placaaMot  of  carotid  and  jogular  catheters  (16  gauge  Tygon 
Tubing,  Microbora,  A.  Daiggar  and  Co.,  Chicago,  XL)  by  an  incision  over 
the  left  jugular  furrow.  Catheter  ports  vara  tunneled  to  a  subcutaneous 
site  over  the  back  where  they  vara  astarioriaad  on  the  day  of  dosing  by 
surgical  aseiaion  under  lidocaina  induced  local  anesthesia.  All  pigs  were 
held  off  feed  for  12  boors  prior  to  dosing.  IVo  pigs  were  gavaged  via 
staaach  tube  with  22  al  of  coaceatrated  blue-green  algal  uaterial/kg  BV. 
A  third  pig  served  as  a  control  and  was  gavaged  vith  22  nl  of  distilled 
vater/kg  BV.  The  stoaach  tube  in  each  pig  was  flushed  la.  situ  with  SO  ml 
of  distilled  water  after  dosing. 

Blood  gases  were  detemiaed  on  a  XL  813  Blood  Gas  Machine 
(lastruMntatioa  Laboratories,  Lexington,  MA).  Blood,  plasaa,  BBC,  lung, 
brain  and  diaphragm  cholinesterase  activities  were  analyzed  as  described 
for  the  steer  above. 

One  of  the  pigs  given  the  algae  was  treated  vith  0.5  wg  of  atropine 
((Atropine  sul^te.  Professional  Veterinary  Laboratories,  Minnespolis, 


BV  (1/4  IV  and  3/4  HOI*  and  2.2  of  activatai  charcoal 
(Snparchar-Tat,  Golf  BiosyatOM,  Isc.,  Dallaa,  IZ)/kg  BW  intragasCrically 
hy  atoMch  tuba  vfaan  clinical  aigna  (aalivatioa)  ware  obaervad.  The 
control  pig  vaa  killed  by  alactrocution  and  axaangoination  at  the  tine 
that  tha  non-traatad  algaa  doaad  pig  died. 

Brain,  long,  liver,  kidnay.  diaphrapi  or  braaat  aatacla.  aplaen. 
faaeroaa.  heart  adrenal,  and  gaatrointaatinal  tiaaoaa  of  ducka.  the  calf 
and  piga  vare  taken  at  nacropay.  fixed  in  lOZ  buffered  fornalin,  atained 
with  hanatozylin  and  aoain  and  aactionad  at  6  nicrona  for  hiatopathologic 
axanination. 

towlti 

Boaad  Pucka  (01). 

Clinical  aigna  obaervad  in  orally  dosed  ducks  are  preaantad  in  Tabic 
1.  So  nioais  was  obaervad.  Ducks  could  appear  relatively  normal  until 
stressed  at  which  tixM  soae  would  bacons  ataxic,  recuabent.  and  have  leg 
and  wing  paresis  or  tonic  seisuraa.  Docks  sought  out  and  drank  water 
after  dosing.  Three  ducka  died;  one  died  after  the  second  dose,  one 
after  che  fourth  dose  and  one  after  the  fifth  dose.  Plasaa 
cholinesteraae  activity  was  inhibited  just  prior  to  death  of  ducka 
conpared  to  predoaing  levels  (Table  2).  Cholineat erase  dc terminations  on 
long  and  diaphragm  tisane  revealed  cholinesterase  depression,  but  brain 
cbolineateraae  activity  did  not  appear  inhibited. 

Basolts  from  Wrleht  State 

Algae  was  identified  by  light  microscopic  and  scanning  electron 
microscopy  as  An^haitne  floa-acuae.  High  pressure  liquid  chromatographic 
examination  of  algae  extracts  revealed  a  compound  with  the  same  retention 
cima  as  a  standard  of  aatx-a(s)  (Figure  1).  The  ID^g  of  HFLC  purified 
aatx>a(s}  was  between  2S  and  30  ug  of  aatx>a(s)  per  kg  BV  in  mice.  The 


toadeity  «u  •iail«r  to  that  <^«xT«d  for  oatz-oCt)  provioooly  obtained. 
Mice  in  the  study  diaplayed  aaliuatioa,  laeriaatloa,  urioation, 
auscle  faaclculationaa  reapiratory  distzcsa  and  connrulsiona.  Mouae 
bioaaaay  revealed  no  reaarkable  chaage  ia  the  toaieity  of  algal  aaterial 
over  the  eoorae  of  doaing  atadiea.  la.  vitro  electric  eel  cholineateraae 
aaaay  of  tozia  revealed  choliaeateraae  depraaaioa  ecaparable  to  that 
obaerved  with  ataadarda  of  aatae-a(a)  (Table  3). 

Reanlta  fro  UI 

Ooaea,  orgaa  veighta  and  tiaaue  cholineateraae  determinationa  fron 
oral  and  IP  doaing  atudiea  ia  nice  are  preaeated  ia  tablea  4-6.  Mice 
doaed  orally  denoaatrated  ao  clinical  aigna  of  antx-aCa)  toacicoais,  and 
whole  blood t  IBC,  plaana,  long  and  diaphraga  cholineateraae  activitiea  in 
theae  nice  were  not  inhibited  when  conpared  to  controla.  latraperito- 
aeally  injected  nice  had  cliaical  aigna  of  aalivation,  aucoid 
lacriaatioa*  diarrhea  and  clonic  convulaioaa.  Whole  blood,  plaana,  RBC, 
loag  and  diaphragn  cholineateraae  ia  IP  doaed  nice  were  inhibited  aa 
conpared  to  controla. 

Tian  of  doaing  and  reaulta  of  cholineateraae  aaaaya  ia  the  ateer  are 
preaeated  ia  Table  7.  >o  cliaical  aigna  or  depraaaioa  of  whole  blood, 
plaana  or  ISC  cholineateraae  were  obaerved  after  iatraruninal 
adbaiaiatratioa  of  algae,  lapid  inhibition  of  whole  blood,  plaana  and  IBC 
cbolineateraae,  and  clinical  aigna  of  aalivation,  treaora,  dyapnea, 
rocwnheacy  and  eyaaoaia  were  Served  after  parenteral  adniaiatration  of 
the  algae  eatract.  The  ateer  died  75  niantea  after  the  initial 
injection,  lo  nioaia  or  aeistirea  were  obaerved.  Carotid  and  jugular 
blood  preaaure  recordinga  did  not  reveal  ranarkable  ehangea  until  the 
ateer  waa  rectaibeat  aad  noribuud.  Poataorten  eaaniaation  revealed  that 
the  first  IP  injection  had  gone  at  leant  partially  retroperitoneal. 


XiaMM  choliaMtarsM  datazaiiiatiou  lavaalad  aenal  braia  eholiaaatarasa 
aetiTity,  boc  dapraaaad  lone  and  diapbrapi  ebolinaataraaa  activitias. 

Tba  aoBtraatad  algae-doaad  pig  dcvalopad  clinical  signs  within  30 
ainntes.  Thick  salivation  and  nucoid  nasal  discharga  conprised  tha 
initial  clinical  signs  followad  by  bruxisai.  nnscla  tranors,  nnscla 
fascicnlationst  intaxaittant  woaiting,  dafacatien*  urination,  poor  dorsal 
nasal  capillary  refill  tins,  cold  oars,  dyspoaa,  cyanosis,  aild 
struggling  and  death  at  1  hr  and  22  nin  after  dosing.  Ko  niosis  was 
observed.  Arterial  blood  PO2  and  blood  pH  decreased  and  whole  blood, 
plaasui  and  UC  cholinesterase  activities  were  inhibited  (Table  8). 
Foataortan  long  and  diaphragm  cholinesterase  activity  were  inhibited 
compared  to  controls,  but  brain  cholinesterase  activity  was  not  (Table 
9).  Fostnortsm  examination  revealed  a  l.S  x  l.S  cm  bnlla  in  the  dorsal 
diaphragnatic  surface  of  the  long. 

The  control  pig  developed  no  clinical  signs  after  dosing  and  was 
killed  and  nacropsied  at  1.5  boors  postdosiag.  Tha  treated  algae  dosed 
pig  had  experienced  marked  salivation  at  19  niantes  postdosing.  Atropine 
and  activated  charcoal  were  administered  at  this  time.  Thereafter, 
salivation  inmadiately  ceased,  but  pronounced  nusele  fasciculations 
developed  and  persisted.  Atropine  was  administered  2  more  times  over  the 
next  12  hours  when  salivation  returned.  The  pig  never  became  dyspneic. 
Blood  arterial  PO2  never  dropped  below  70  and  blood  pH  never  went  below 
7.40,  therefore,  there  appeared  to  be  no  significant  respiratory 
compromise  in  this  pig.  Vbole  blood,  plasma  sad  RBC  cholinesterase 
activity  progressively  decreased  after  dosing  and  reached  less  than  lOZ 
of  pradose  values  within  1  hour  (Table  10).  Hhole  blood,  plasma  and  RBC 
cholinesteraae  activities  were  still  markedly  depressed  at  72  hours  when 
the  pig  was  killed.  Postmortem  brain,  lung,  and  diaphragm  cholinesterase 
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4«t«caiiiatloaa,  i^ca  eo«p«r«d  to  ebo  coatrol  pig,  sitcgctCtd  limg  and 
diapbragB  choliaaattraaa  iahibitioa,  bat  aot  braia  cbolinaataraaa 
inbibltioa  (Tabla  9).  Poataortw  axaaiaatioa  ravaalad  ebareoal  to  ba 
■till  praaant  ia  tba  spiral  eoloa  and  colon, 
giiwiiiga 

tba  bloa-graaa  algaa  idaatifiad  ia  tba  eaaa  «aa  AmKom  floB-aouae. 
ttraiaa  of  tbia  ortaaiaa  baaa  baaa  asaoeiatad  vitb  provioaa  field 
tosieoaaa  and  bava  boan  oaad  ia  ealtara  work  to  prodaca  aat3E-a(a}.  High 
praaaara  liqaid  cbroaatographj  ravaalad  a  coatpoaad  vitb  tba  aaaa 
rataatioa  tiaa  aa  aatx-*a(a).  Ia  addition,  tba  avalaatioa  of  aaiaala 
natarally  axposad  or  doaad  vitb  aitbar  tba  algal  calls  tozia  froa  tba 
calls,  and  ia  vitro  cboliaaatarasa  aaaaja,  ravaalad  findings  coapatibla 
vitb  tba  af facts  of  tba  cboliaaatarasa  iabibitor  aatx~a(s).  Sines  tba 
■traetora  of  aatx-a(s)  baa  aot  baaa  dataraiaad,  tba  toxin  ia  this  easa 
cannot  ba  said  to  ba  idaatieal  to  tba  ■atx-«(s)  toaia  prodacad  ia  tba 
laboratory  by  tba  floa-acnaa  eloaa  HkC^SIS-l? • 

Profvsa  salivation  and  oriaatioa/dafacatioa  appaarad  to  eaosa  tba 
docks  to  saak  oot  and  drink  eoasidarabla  voloaas  of  vatar  aftar  dosing, 
la  aatora  this  voold  probably  rasolt  ia  cyelas  of  forthar  eonsoaption  of 
vatsr  eoBtaining  toaia  vitb  iaeraasiagly  savara  toxicosis  rasultiag  in 
daatb.  Bovavar,  drinking  of  noarcoatsminatad  vatar  aigbt  rasult  in  lass 
savara  toxicosis  by  dilution  of  toxin,  or  aiding  r«oval  of  toxin  through 
rognrgitatioa  or  dafacatioa.  Oaatb  of  birds  aftar  aaltipla  dosas  vould 
■nggast  that  toxicosis  can  ba  euanlativa  on  a  daily  basis.  This  study 
eoafirsMd  that  aatx-a(s)  toxicosis  occurs  ia  avian  spacias,  and  is 
consistant  vitb  aost  avidanca  suggastiag  that  aost  fiald  easas  of 
aatx>a(s)  iavolvn  vatar  fowl. 
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TIm  fit  Afpsarad  to  bo  tha  «oae  atisaieiTO  of  tba  aaiaala  doaed 
iatrataatrically  ia  tbia  atody  with  eoneaatratod  alga*  coataioint 
aatx-«(a).  iaiaala  appeared  to  die  froa  aaoaia  aad  acidoaia  aecondary  to 
cboliaaateraae  inbibitioa  and  reapiratory  paralyaia.  Atropice  and 
activated  ebarcoal  appeared  to  be  lifeaavinf  ia  one  pig  adainiatered  a 
latbal  doaa  of  toaie  algae.  Ia  tbia  pig,  vbola  blood,  plaaaa  and  UC 
cboliaaateraae  activity  eere  aeverely  iabibitad  to  levela  obaerved  vitb 
death  ia  tba  noartraatad  pig. 

Aaatozin-aCa)  appeared  to  be  acting  aa  a  peripheral  ebolineateraae 
inhibitor  doe  to  lack  of  cental  nervoaa  ay a tan  aigna  and  lack  of 
ronarkable  brain  cboliaaateraae  depreaaioa  ia  algal  doaed  aninala. 

Caaaa  of  aatx~a(a)  toadcoaia  in  wildlife  aad  other  doneatic  anianla 
coeld  be  aore  ccaaoa  than  previoealy  believed  dae  to  rapid  death  of 
aainala,  tba  abaeace  of  aathoda  to  detect  tba  tozia,  and  the  apparent 
aeed  to  coafim  peripheral  eholiaeateraae  depreaaioa  ia  the  tiaanaa  of 
the  affected  aaiaala. 


Tabl*  1.  Clinical  sifna  obaarvad  in  dncka  aftar  aaceaaaiva  daily 
crop  intubation  with  alpaa  bloc*  aatarial  containinf 
aaatozitt-a(a). 


Thick  and  profuaa  aalivation 

tafurgitation  of  algaa 

Diarrhaa/ or ina  tion 

Mnacla  traoMca 

Dapraaaiott 

"S^intisg*  of  ayaa 

Ataxia 

Felydipaia 

▼aacaltf  dilation  of  aaaaala  in  wabbad  faat 
Syapauia  with  open  nooth  braathing 
Bacunbancy 

Ving  and  lag  paraaia 
Opiatbotottua 

Saixoraa  (intatnittant-tonic)  juat  prior  to  daath 
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labl«  2.  riMM,  braia>  l«&t  br««*t  ■n«el«  clioliii*at«ru«  actiTitica 
ia  Aacka  after  anccaaaira  iatracrop  adaiaiatratioa  of 
aaatoadLB-a(a)  aad  braia  ebolinaataraaa  aetirltp  ia  dead  or 
eliaieally  affected  dacha  froa  the  field 


Plaaaa  _ 

Choliaeateraae 

Tiaaoea 

Fretoee 

Frier  to  Death 

■raia 

Laag 

Ireaat 

Hucle 

1.  0.22 

0.02S 

12.70 

0.48 

0.102 

Texainated 

(aoderate 

aigna) 

2.  0.27 

<0.023 

12.73 

0.20 

0.09 

Died 

(2ad  doae) 

3.  0.27 

0.26 

12.73 

0.78 

0.27 

Coatrol 

4.  0.2f 

0.27 

12.92 

0.78 

0.36 

Control 

3.  0.26 

<0.023 

12.08 

0.23 

0.09 

Died 

(3th  doae) 

6.  0.29 

0.03 

12.98 

0.37 

0.113 

Texaioated 
(aild  aigna) 

7.  0.23 

<0.023 

13.00 

0.14 

0.08 

Died** 

(4th  doae) 

0.  - 

— 

12.70 

— 

— 

Field  death** 

9.  - 

12.57 

Field  caae 
(aoderate 
aigna)* 

^wderate  aigna  preaeat  at  aobaiaaion  aad  vhea  killed 
**dack  froai  affected  farm 
■  aot  detexained 


l«bl«  3 

iB  Vitro  inhibition  of  «l«ctrlc  ncetylcholinostarn**  by  HPLC  purified 
enetoxin*'a(s)  fron  the  Tolonot  Illiuola  field  ceee« 


Treatment* 

A^»a/min*  Percent 

Acti vi ty 

Control* 

0.434 

(0.006) 

lOO 

2  X 

10-*  ug/ul 

0.242 

(0.07) 

56 

4  X 

10-~*  ug/ul 

0.  184 

(0.07) 

42 

1  X 

10“*  ug/ul 

0.  156 

(0.09) 

36 

4  X 

10~*  ug/ul 

0.000 

(0.000) 

0 

1  X 

10“*  ug/ul 

0.000 

(0.<X)0>- 

0 

*  anzyiMi  end  toxin  mrm  incubetod  -for  ona  oinut*  bolero  essey 

•  vnluM  roported  n«  Mean  (SEM) 

*■  control  conteinc  ofnzymOf  substreto*  indicator  but  no  toxin 
avorago  of  thro*  •xperioonta,  all  others  are  average  of 
four  experiments 
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fable  4.  Vhola  blood*  plaaaa*  IBC*  brain*  loaf  and  diaphragm 
cbolinaataraaa  actiritiaa  in  aiea  doaad  orally  (22 
■1/fcg  body  anight)  vitb  eonenntratad  bltm-grnen  algan 
■atnrial  containing  anatoxitt-a(a)  prodnend  by  Anabanna 
floa~aouan  from  a  pond  in  Tolono*  Illinois 


Cholinttutrant 


Honan  # 


Doan 


(oM/l/nia) 


Vholn  blood  EBC  Plasaa  Brain  Lung  Diaphragn 


1 

22  «1  algan/kg  IV 

1.36 

2.94 

1.98 

11.3 

0.80 

1.05 

2 

m 

1.18 

2.21 

1.30 

12.2 

0.89 

0.89 

3 

m 

1.23 

2.21 

1.23 

12.3 

0.97 

0.98 

4 

22  ml  natnr  (control)/ 
kg  BV 

1.14 

2.64 

1.20 

13.7 

1.00 

1.1> 

3 

m 

1.17 

2.20 

1.78 

14.8 

1.06 

0.85 

Xabla  S.  Tism«  choliiwaecras*.  and  liv«r  waithts  m  •  pareant  of 
body  vaight  ia  aiea  (36.0  ♦  1  graO  injaeted 
iatraparitoaaally  with  aa  axtraet  of  blua-graaa  algaa  pood 
aatar  coataiaiag  aatx>a(s)  aoiaittad  to  tha  Qoivarsity  of 
llliaois  Diagooatie  Lab 


Mooaa  ao. 

Doaa 

Tiae 

SarriTiag 

(aiaatea) 

Uaar 

2 

Bodraairht 

Tiaaua 

Braio 

Cbolinaataraaa 

(oM/g/aia) 

_ Lsax _ Diaphrara _ 

Coatxol 

1.0  b1  I2O 

killad 
(73  aia) 

0.031 

12.73 

0.80 

1.86 

1 

1.0  al  Ixtraat 

3  aia. 

0.063 

13.19 

0.14 

0.18 

2 

0.3  al  Extract 

6  aia. 

0.059 

15.02 

0.23 

0.55 

3 

0.23  al  Extract 

14.3  aia. 

0.070 

11.58 

0.08 

0.28 

Avaraga  Taloat  for  Mica 
Ooaad  with  Toxia 


0.06A 


14.31  0.16  0.34 
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Tabl«  i.  Hholc  blood  aad  plaoM  eboliaostorooo  ia  sieo  (26  ±  2.3  g*) 
doood  iatraporitoooally  with  aa  oxtroet  of  bloo^rcea  «lga« 
pood  mtor  eoataiaiiig  aa«tozia~a(s}  aad  dacapitatod  joat  prior 
to  doatb  (10-13  aiaotaa  aftar  aoaing) 


Cholinasteraae 


Dosa 

Kidney 

2  BodTveiaht 

Liver 

2  Bodrveirht 

(uH/l/ain) 

„  Whole  Blood _ Plaaaa 

Coatrol 

0.2  al  H^O 

0.018 

0.052 

1.75 

2.54 

1 

0  al  Extract 

0.02 

0.056 

<0.023 

0.057 

2 

0.123  al  Ixtract 

0.017 

0.038 

<0.025 

0.036 

3 

0.03  al  Ixtract 

0.018 

0.059 

<0.023 

0.11 

Maaa  Taloas  for  Miea 
Ooaad  vicb  Extract 


0.018 


0.057 


<0.023 


0.07 
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Table  7*  Cholinesteraae  activities  of  whole  blood,  plasma,  KBC,  brain, 
lung  and  diaphragm  and  blood  gases  in  a  steer  dosed 
intraruminally  and  parenteral ly  with  algae  bloom  material 
containing  antz-a(a) . 


IMTBARUMINAL  DOSIHG 

Cholinesterase 

(m/M/l/min) 

lias. 

Whole  Blood 

gl»m 

BBC 

Predose 

1.58 

0.12 

2.83 

Dose  1 

1  hour 

1.48 

0.11 

2.92 

2  hours 

1.52 

0.098 

2.92 

24  hours 

Dose  2  (24 

1.60 

hours) 

0.12 

2.83 

26  hours 

1.62 

0.14 

2.67 

36  hours 

1.66 

0.15 

2.80 

48  hours 

1.82 

0.14 

2.83 

Rs5kiS555jS3HR3B?!i55^^ 

2.83 

Cholinesterase  (uM/l/mln) 

Blood  Gases 

Blood  pH 

Time  Whole  Blood 

PlMSi. 

BBC 

(msHg) 

PC0> 

Predose 

1.69 

0.123 

2.83 

87.8 

40.9 

7.40 

0  (dosed 

300  ml 
supernatant) 

5  min 

0.93 

0.07 

2.83 

— 

10  min 

0.63 

0.025 

0.95 

87.6 

36.2 

7.40 

20  min 

0.17 

<0.025 

0.16 

99.3 

39.6 

7.39 

30  min 

0.13 

<0.025 

0.04 

94.6 

36.8 

7.39 

35  min  (redose 

250  ml 
supernatant) 

40  min 

81.9 

36.8 

7.40 

50  min 

<0.025 

<0.025 

0.04 

.... 

00  min 

<0.025 

<0.025 

0.025 

44.3 

32.3 

7.22 

70  min 

<0.025 

<0.025 

<0.025 

41.0 

46.5 

7.32 

75  min 

— 

— 

41.0 

52.6 

7.26 

■  Rot  measured 

Postmortem  Tissue  Cholinesterase  (uM/g/min):  Brain  4.48,  Lung  <  0.025, 
Diaphragm  0.07 


Table  8.  Vhole  blood,  plaaaa.  and  RBC  cholinesterase,  blood  gas 
and  blood  pH  detexvinations  in  a  pig  (test  A)  given  a 
lethal  intragastric  dose  of  blue-green  algae  cells 
containing  aoatoxin-aCs)  and  a  pig  (control)  given  an 
intragastric  dose  of  distilled  water. 


Table  8a 


Arterial  Blood  Gas  and  pH  Values 


^nits  are  in  asHg 
—  ■  lot  analysed 


Blood 


Tisn  (min) 

Test 

Control 

Test 

Control 

Test 

Control 

Predose 

41.8 

37.4 

85.2 

100 

7.40 

7.45 

30 

37.2 

39.8 

84.3 

103 

7.38 

7.43 

60 

33.4 

39.0 

86.8 

100 

7.41 

7.43 

75 

37.2 

37.4 

— - 

91.7 

7.31 

7.42 

82 

— 

51.6 

— 

— 

— 

90 

35.3 

— 

100 

7.46 

Table  8b 


Cholinesterase  Activities  (uM/l/min) 


Tima  (min)  ■ 

Test 

Control 

Test 

Control 

Test 

Control 

Predose 

1.39 

1.50 

0.27 

0.26 

2.20 

2.34 

30 

0.07 

1.37 

0.06 

0.23 

0.07 

2.47 

60 

<0.025 

1.25 

0.05 

0.20 

0.06 

2.57 

75 

82 

90 

<0.025 

1.37 

0.04 

0.26 

<0.025 

2.57 

■—  •  not  analysed 
*  Detection  liait 
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T«bl«  9.  Brain,  long,  and  diaphragn  cholinasterase  activities 
fxoa:  1)  a  pig  (A)  adainistered  a  lethal  intragastric 
dose  of  blue'-green  algae  cells  containing  antx-aCs).  2} 
a  pig  (B)  administered  a  suspected  lethal  dose  of 
hloe^green  algae  containing  antx-a(s)  and  then  treated 
with  activated  charcoal  and  atropine  (pig  survived) , 
and  3}  a  control  pig  dosed  intragastrically  with  water. 


Tissue  Cholinesterase  (uKol/g/min) 


Pig 

Brain 

Lung 

Diaphragm 

1. 

Lethal  Dosed 

S.6Q 

0.09 

0.09 

2. 

Lethal  Dosed  and 
Treated  with 
Activated  Charcoal 
and  Atropine 

5.98 

0.13 

0.30 

3. 

Control 

6.02 

0.27 

0.45 

Ic 
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Tabic  10*  Vholc  blood,  placma,  BBC,  brain,  and  diaphragB 

cholinesterase  determinations  in  a  pig  (C)  given  a 
potentially  lethal  dose  of  blue-green  algae  material 
containing  antx-a(s)  and  then  treated  vith  activated 
charcoal  and  atropine. 


Tiaw 

Hhole  Blood 

Cholinesterase  (uM/l/siin) 

Plasma 

BBC 

Predose 

1.10 

0.32 

1.80 

5  min 

0.92 

0.25 

1.16 

10  min 

0.64 

0.11 

1.03 

19  min  (atropine  4  charcoal) 

20  min  0.73 

0.08 

0.56 

30  min 

0.14 

0.05 

0.36 

45  min 

0.09 

0.036 

0.15 

1  hr 

<0.025 

<0.025 

0.11 

1.5  hr 

<0.025 

<0.025 

0.11 

2.0  hr 

<0.025 

<0.025 

0.05 

3.0  hr 

<0.025 

<0.025 

0.05 

4.0  hr 

<0.025 

<0.025 

0.11 

4.5  hr  (atropine) 

5.0  hr  <0.025 

<0.025 

0.05 

7.0  hr 

<0.025 

<0.025 

0.04 

10.5  hr  (atropine) 

12  hr  <0.025 

0.07 

0.05 

24  hr 

<0.025 

0.07 

0.04 

40  hr 

0.014 

0.07 

0.06 

72  hr 

0.18 

0.07 

0.09 

Flgur*  1:  High  pressure  liquid  chrotaacograph  spectrums  of  anatoxin-a(s)  purified 
froa  Tolono,  Illinois  field  case  compared  to  anatoxin-c(s)  standard 
4>roduced  by  Anabaena  f los-aquae  NRC-525-17) . 


Analytical  EPLC  Altex  CN  (4.9  mm  x  .15  cm)  80/20  (10  mM  NH.CH.COO/ 
1  mMCH-COOH)  @  1-5  ml/min-  2301  @  0.1  OD 

J  I  •  »  •  ‘ 


A)  Tolono  toxin  at  10  ug  injection. 

B)  Tolono  toxin  at  30  ug  injection. 

C)  Anatoxin-a(s)  at  100  ug  injection. 

0)  A(S)  +  Tolono  toxin  (35  *  30  ug)  injection. 
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b*  in  rntin^  (Grigs«ville) 

Foot  sow*,  om  boar,  and  eight  18-23  kg  evine  died  over  a  period  of 
one  vcek  around  a  pond  in  Griggsville,  XL  in  aaeociation  with  a 
blue-green  algae  blooe.  Sudden  death  vaa  the  predominant  clinical  aign, 
but  aalivatioa«  dyapnca,  diarrhea,  ataxia,  open  mouth  breathing  and 
recumbency  vere  alao  obacrved.  Croat  poataortcm  examination  of  4  piga  by 
the  referring  veterinarian  revealed  wet  lung  tiaaue. 

Materiala  and  Methoda 

Algae  cella  vere  collected  in  culture  tubea  and  jara  and  ahipped  to 
Vright  State  Univeraity  in  cold-packa  for  light  and  acanning  electron 
microacopic  examination  for  algae  identification,  future  culture,  mouae 
bioaaaay  and  HPLC  analyaia.  Brain,  lung,  and  diaphragm  were  obtained 
from  a  sow  that  had  died  in  conjunction  with  the  field  caae*  Theae  vere 
analyced  for  chlorineateraae  activity  aa  deacribed  previoualy  uaing  the 
Kedified  lllman  Method.  Mouae  bioaaaay  vaa  alao  performed  at  UI  uaing  3 
tvlaa  Webater  mice.  Two  mice  vere  injected  with  1.0  ml  of  bloom 
material,  and  1  mouae  with  1.0  ml  of  water  for  a  control. 
laanlta 

Light  micreaccpic  and  acanning  electron  microacopic  examination  of 
fend  water  eentaiaiag  algae  by  Mih  Mahmood  and  reaearebera  at  Vright 
State  Oniveraity,  Dayton,  Ohio,  revealed  A"*h«*«*  floa-acuae.  a 
blue-green  algae,  atraina  of  which  are  known  to  be  producera  of 
amtx-«(t).  Mice  injected  with  bloom  material  bad  cliaicel  aigna 
including  thick  aalivation,  mucoid  lacrimation,  dy apnea,  cyanoaia,  clonic 
•eianrea  and  death.  Theae  clinical  aigna  vere  compatible  with  toxicoaia 
by  aatx-a(a).  The  mouae  bioaaaay  vaa  repeated  at  Vright  State  Univeraity 
revealed  aimilar  reaulta.  Cholineateraae  aaaay  of  brain  tiaaue,  lung  and 
diaphraip  from  a  aow  that  died  on  the  farm  revealed  cholineateraae 


activities  of  4.42,  0.00,  and  0.13  oM/g/ain,  raspactively.  Lung  and 
diaphragp  cbolinestarasa  activitiaa  appeared  inhibited,  and  fhe  overall 
results  vers  consistent  with  a  peripheral  acting  cholinesterase  inhibitor 
such  as  sntx-a(s}.  Saaples  of  algae  in  culture  aedia  and  blooa  aaterial 
for  freese  drying  vers  sent  to  Wright  State  University  for  culture  and 
toxin  production,  respectively. 

smsL 

The  start  of  fomal  studies  with  pigs  aay  be  teaporarily  delayed 
until  the  structure  of  antx*-a(s)  is  knovn  and  a  capability  to  absolutely 
assess  toxin  purity  has  been  denonstrated.  Xn  the  aeantiae,  algae 
astracts  of  increasing  purity  can  continue  to  be  used  to  qualititively 
characterise  pathophysiologic  aechanlaas  of  this  toxin  in  nice  and  pigs, 
and  its  neurobehavioral  effects  on  rats. 

In  the  first  year  of  study,  the  effects  of  aatx**a(s)  have  been 
evaluated  in  nice,  rats,  swine,  birds,  and  cattle.  This  enabled 
observation  of  the  apectrun  of  elinleal  signs,  that  antx-e(s)  produces,  ■ 
and  insights  into  possible  pethopfaysiologie  nechanisas.  Harked  species 
differences  were  observed  such  as  chreaodacryorrhea  in  rats,  profuse 
nacoid  nasal  discharge  in  pigs,  seisures  in  rats,  lack  of  toxicity  after 
gavage  in  rodents  and  high  toxicity  with  intragsstrie  adnistration  in 
pigs.  The  actions  of  antx-a(s)  are  apperently  doe  to  aeetyeholine 
aceuMulation  at  the  aeuroaoscular  junction,  pro-  and  postganglionic 
inactions  in  the  antonoaic  parasyapathetic  systsa. 

rossible  pathophysiologic  aechanisas  of  aatx-a(s)  were  explored  with 
electrocardiograph,  blood  pressure  and  electroencephalograph  equipaent, 
cholinesterase  assays,  gross  postaortsa  and  histopathologic 
evaluations.  Inforaatioa  to  date  suggests  that  aatx-a(s)  causes  death  in 
aniaals  froa  anoxia  and  acidosis  secondary  to  respiratory  paralysis 
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£ro«  choliutterM*  iohibltioa.  Praliaujuty  blood  proooox*  recordings  in 
one  pig  indicated  a  narked  rise  in  left  polnonary  artery  blood  pressure, 
but  farther  observation  of  this  finding  in  other  pigs  is  necessary  before 
its  significance  can  be  detemined.  The  najority  of  research  data 
including  brain  cholinesterase  deteminations,  neurological  exaainations 
and  electroencephalograph  recordix^s  indicate  that  ants-a(s}  does  not 
cress  the  blood  brain  barrier  and  is  not  having  a  direct  effect  on  the 
brain.  Evidence  for  antz<-a(s)  having  an  effect  on  the  brain  comes  from 
seiaure  activity,  electroencephalographic  alterations  and  narcosis 
observed  in  the  rat.  Further  study  vith  the  rat  is  planned  to  clarify 
ehether  aatx-a(s)  is  affecting  the  brain  in  this  species. 

The  liadted  gastric  or  ruminal  intubation  studies  using  pigs, 
cattle,  birds,  mice  and  rats  with  antz-'a(e)  suggested  that  by  this  route 
the  pig  vas  the  most  sensitive  species  to  toxicosis.  The  similarity  in 
naatomy  and  physiology  betveen  the  pig  and  man  suggests  that  man  could 
also  bo  very  susceptible  to  orally  induced  toxicosis.  Intravenous  and 
intramuscular  atropine  and  gastric  intubation  of  activated  charcoal 
appeared  to  be  a  lifesaving  treatment  in  one  pig  administered  an 
intragastrie  lethal  dose  of  algae  containing  antx-aCs). 

Anatoxi»*a(s}  toxicosis  vas  diagnosed  in  tvo  field  cases,  one 
involving  ducks  and  the  other  ovine,  in  Illinois,  in  the  first  year.  It 
vas  possible  to  harvest  and  freese  dry  toxic  algal  material  from  blooms 
in  Choaa  eases,  field  cases  of  satx->s(s}  sad  slgsl  blooms  producing 
ants-Ks)  may  be  more  comsnn  than  previously  ouspseted  due  to  the  labile 
nature  of  the  toxin  sad  algae  producing  aatz*a(s},  lack  of  gross  and 
histopathologic  lesions,  need  for  peripberal  cholinesterase  activity 
dotarmiaaciotts,  and  due  to  the  history  of  sudden  death  in  animals.  The 


•tructttxs  of  aatac--o(«)  la  th«s«  blooas  can  bo  eoaporod  la  tbo  future  for 
■trueturml  ▼arieato  to  the  laboratory-produced  aatz-a(a)  froa 
floe-aquae  RM  525-17 . 


81DDUS  OH  CTAROBACnRlA  (BLUZ-CREBI  iLGAZ)  MZDZOTOXIHS : 

X.  PUIIFICATIOH  or  AMATOXIH-A(S)  AMD  AMATOZIH-A 
II.  HMZnC  AMALYSIS  OF  CBOLIMESTZZASB  IMHIZmOM  ZT  ARATOZIM-A(S) 

■ik  A.  Kahaood,  PhD 

lat^vctioa 

Materials  and  Matkoda 

a.  Toxin  Extraction 

b.  High  Parfonanca  -Liquid  Cbroouitography  (HPLC) 
e.  Tarifieation  of  Anatoxin-a<a)  Purity 

d.  Cboliaaataraaa  Inhibition 

laanlta 

a.  Porifieatioa 

b.  Cholinaataraaa  Inhibition 

Diaeussioa 

zmowmoR 

Diffarant  strains  of  floa-aquaa  bars  baas'  ahovn  to  produca 

toadLna  (aantoxiaa)  vhich  ara  ^ysiolofically  diafcinet.^  Two  of  tbaaa 

asatOKins*  aaatoxin-a  obtainad  fros  strain  MIC  4A-1  and  aaatosia>a(a)  fros  MZO 

325>17  haws  baas  stodiad.  Tha  chaaical  atxnetnra  and  phaxsacological  action 

of  aaatoadLs*a  is  alraady  knows.  It  ia  tha  alkaloid  2**aeatyl*9*aaabic7clo 

aon»2*aaa^  aad  ia  a  potant  dapolarising  aanroamacular  blocking  agant  at  both 

tha  aieotiaie  aad  anaearinie  racaptera.^ 

Tha  tarn  anatoxin-aCo)  was  darivad  froa  aaatoxia~a  ainca  it  was  first 

tboagbt  that  tha  two  toxins  aharad  similar  pbamaeologieal  propartiaa.  But  it 

A  5 

was  latar  fooad  that  thair  pbamaeologieal  actions  diffarad  *  aad  want 
roeaatly  it  was  shows  that  aaatoxia>a(a)  acta  aa  as  irrararsibla 
aatiebeliaaatoraaa.^'^  Maaanraa  to  eharaetariaa  tha  fuadsaantal  chaaical 
propartiaa  of  saatosia-a(a)  haws  ahowa  it  to  bo  a  poaitlwaly  ehargad  compound 
of  molocalar  waight  >  SOO.  It  ia  acid  stabla*  alkaliaa  labila*  water  soluble, 
uaatabla  ia  organic  aolwants  aad  exhibits  weak  OT  abaorbanea  at  200-400  nm. 


TIm  pr«Mnt  •todi«s  with  the  aii«tozizt-e(s)  and  anetoxia-a  involve  the 
developaant  of  large-scale  (preparative)  porification  aethod:  the  aim  is  to 
produce  larger  quantities  of  toxin  without  reducing  purity.  The  other  part  of 
the  study  involves  the  elucidation  of  the  teechanisa  of  action  of 
anatoaEin-a(s).  This  has  priaarily  been  directed  toward  the  biocheaical 
characterisation  of  the  inhibition  of  cholinesterase  by  anatoxitt-a(s} . 

The  cholinasteraae  inhibition  studies  are  necessary  for  several  reasons: 

1.  to  support  the  earlier  pharaacological  and  toxicological  data  that 
anatoxitt-a(s)  is  an  anticholinsterase. 

2.  to  elncidate  the  aechanisa  of  irreversible  action  of  anatoxin-a(s) . 

3.  to  coapere  the  inhibition  between  different  sources  of 
cholinesterase. 


1. 


The  extraction  and  purification  of  anatoxin-a(s)  from 
flae-aanae  HC  923-17  are  shown  in  the  flow  diagraa  (fig.  1).  The 
extraction  procedure  was  developed  as  pert  of  the  author's  dissertation 
work.^  Since  then,  scbm  nodificatlona  were  nade  to  acconaodate  the 
large-scale  extraction  and  purification. 

Lyophilised  cells  (20  g)  in  230  nl  acidified  ethanol  (pH  4.0 
acidified  with  acetic  acid)  were  stirred  for  24  hr.  The  suspension  was 
eentrifoged  at  •  ,000-10,000  rpa  for  1  hr  at  4^C.  Xf  necessary,  the 
residue  was  re-extracted  by  repeating  the  above  procedure  until  no 
further  toxicity  was  observed.  The  snpematants  were  pooled  and 
concentrated  by  air  drying  in  a  heated  bath  (40^C).  The  dried  extract 
was  dissolved  in  20-90  nl  0.1  M  acetic  acid  and  loaded  on  Bond  Slut 
(C^g  daalytichen)  cartridges.  The  cartridges  wers  stacked  two  colunns 
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high  and  «  total  of  four  or  aix  cartridgea  ware  oaad.  Theaa  cartridgea 
had  to  be  prepared  before  loading  the  extract  with  2.0  ■!  aetlMnol 
followed  by  5.0  ■!  water.  The  extract  was  then  loaded  and  the  eluant 
collected.  The  cartridges  were  washed  with  5  al  0.1  M  acetic  acid  and 
the  eluant  collected  again.  The  pooled  eluant  was  air>dried  and 
ceeonatitnted  in  10-20  nl  of  0.1  X  acetic  acid  and  centrifuged  at  10,000 
rpM  at  4^C  for  1  hr.  If  the  supernatant  appeared  to  be  darkly  colored, 
then  the  step  using  Bond  Elut  was  repeated.  Otherwise,  the  sample  was 
ready  for  gel  filtration. 

2.  AlMtOliB-l 

Aaatoxia-a  from  Anabaena  floa-aquaa  BBC  44-1  was  extracted  using  the 
same  method  as  for  «Btx-a(s)  as  shown  in  the  flow  diagram  (Fig.  1) . 

3.  Colvam  CbrwMtogriPhi 

The  following  method  was  used  for  the  separation  of  both  anatoxin-a 
and  anatoxla-a(8).  Sephadex  G-IS  (40-120  o  site,  Sipui)  was  rinsed, 
swollen  and  deaerated  in  water  overnight.  The  column  (Pharmacia  C-26 
ealomn,  2.6  x  70  cm)  was  slurry  packed  under  gravity  flow  using  a  packing 
reservoir.  The  final  column  bed  volume  was  230  ml.  The  colnaui  was 
washed  with  0.1  M  acetic  acid  for  at  least  1  bed  volume  initially  or 
following  the  previous  run  at  a  constant  flow  rate  of  0.4  ml/min.  The 
eluant  was  supplied  by  a  peristaltic  punn  (Gilson  Miaipuls  2) .  The 
extract  in  5.0  ml  (0.1  M  acetic  acid)  was  spplied  to  the  coluam  using  a 
sample  leader.  The  effluent,  monitored  at  230  nn  was  collected  in 
fractions  of  spproximataly  6-7  ml  volume  using  a  Gilson  fraction 
collector  (Hodel  rc-80k). 

Pooled  fractions,  in  which  the  presence  of  toxin  was  confirmed  by 

0 

mouse  bioassay,  were  loaded  on  a  8ep-pak  (Vatsrs)  cartridges  for 
separating  erode  toxins  from  seme  pigments.  The  procedure  for  using 
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S«p-p«k  C^g  cartridges  was  siailar  to  the  one  described  for  Bond  Elut 

(Analytichoi}  cartridges  (above).  The  pooled  eluants  were  then  ready  for 

HFLC. 

b.  High  performence  liquid  cbrotuitographT  (HFLC). 

In  the  HFLC  mas  for  both  anatoxin-a(s)  and  anatozin-a.  Haters 
•Mii-preparative  O  (cyano)  coluans  (7.8  z  300  ■■)  were  used.  The  conditions 
for  the  mas  were  aa  follows:  1)  1002  water  for  IS  nia;  2)  for  auat«d.n-a(s) , 
0-6  ^  aanoniuB  acetate  was  used  in  a  10  ain  linesr  gradient;  for  anatozin-a, 
a  linear  gradient  froa  0-8  bM  aaaoniua  acetate  over  15  ain  was  used;  3)  for 
aaatozj.a-a(s),  102  6  aM  aasuniuti  acetate  was  used  ia  an  isocratic  run  for  10 
aia  and  for  anatozia-a,  1002  8  ad(  for  15  ain  was  used;  4)  1002  water  was  then 
used  in  5  aia  linear  gradient. 

The  tozic  peaks  were  pooled  and  rerun  on  a  second  Cl  Coluaa  (7.8  z  300 
aa).  Soaetiaes  is  was  nveessary  to  run  speciaens  on  the  analytical  coluan 
(Altez  Cl,  4.5  z  150  aa)  with  10  aaaoniua  acetate:  1  idl  acetic  acid 
(80:20)  at  1.5  al/ain  to  separate  side  peaks  and  reduce  saaplc  discoloration. 
The  flow  rate  for  the  seai-preparatiwe  run  was  2  al/ain  aai  the  peaks  were 
aonitoret*  for  absorbence  at  230  m. 

A  preparative  coluan,  custoa  packed  Delta  500  Cl  (5  s  29  ea)  (Haters)  was 
also  tried  to  purify  anatozitt-a(s)  ia  a  noaber  of  preliainary  trial  runs.  The 
gradient  elution  is  still  ia  preparation. 

c.  Verification  of  anatoziB-i(a)  Buritl 

TWO  aethods  were  used  to  check  purity:  1)  DLC  using  the  analytical 
coluaa  aa  described  above  and  2)  thin  layer  chroaatography  (TLC).  Three 
solvent  systeas  were  developed  for  use  ia  addition  to  the  one  developed  by 
Andrew  Dahlsa  at  University  of  Illinois  (personal  conaunication) .  The  three 
solvent  systeas  are  listed  below: 


mm. 
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1*  pytidlu:  tthyl  ae«tat«:  acatic  acid  (1S:S:3) 

2.  pyridina:  athyl  acatata:  acatic  acid:  vatar  (15:5:3:4) 

3.  11-botanol:  acatic  acid:  vatar  (2:1:1) 

Tha  TLC  plataa  (Silica  Gal  60,  B.  Mark)  vara  heated  at  llO^C  for  30 
atin.  Tha  10  ol  apota  (5~10  og  toxin)  vara  applied  and  tha  plutea  darvaloped  in 
tha  xaspactiva  aolvant  ayata«a.  Tha  plataa  vara  air  dried,  inaartad  into  an 
iodine  tank  for  10-15  ain,  heated  at  llO'^C  10-15  ain  and  obaarvad  under  long 
vava  UT. 

d.  flwliaftf itgif g, inhibitiflA 

A  photoaatrie  aathod  of  Ellaan  at  al^  vaa  naad  to  dateraina  tha  in 
▼itro  cholinaataraaa  activity. 

Acatylcholinaataraaa,  (BC  3.1 .1.7)  froa  electric  eel  type  V-S,  and  huaan 
azythrocyta  type  XXII  and  horaa  aarua  bntyrylcholinaataraaa  (BC  3.1 .1.8)  vara 
obtained  froa  Sigaa.  A  atock  aolntion  of  each  anayaa  in  0.1  M  012^}^ 
buffer  pH  8.0  vaa  kept  froaan.  For  each  aaaay  0.25  0  of  enxyaa  vara  uaad. 

All  aaaaya  vcra  carried  at  rooa  tacparatora. 

For  each  aaaay,  aicrolitar  voluaea  of  anatoxitt-a(a)  vara  added  to  one 
aide  of  tha  cuvatta  and  0.25  D  anzyaa  to  another  corner,  fol loved  by  addition 
of  3.0  al  phoaphata  buffer  ^8.0  to  tha  cuvette.  The  aolution  vaa  aized  and 
incubated  for  varioua  tiaaa.  After  incubation,  tha  aubatrate 
(aeatylthiocboline  or  butyrylthiocholina  at  0.075M)  vaa  added,  and  the  change 
in  abaorbence  at  412  na  recorded. 


a.  gariiiGgtioB 

In  tha  gal  filtration  run  (Sephadez  G-15),  anatozin-a(a)  vaa  found  to  be 
eluted  after  only  40-50Z  of  tha  coluan  bed  voluaa  had  paaaed.  The  tozina  vara 
alntad  together  vith  tha  light  yallov  pigaenta.  In  the  previoua  technique^, 
the  final  atap  in  tha  purification  of  anatozin-a(a)  aaployad  tha  uae  of  an 


▲lt«ch  CH  and/or  Zorbax  CX  (9.4  x  250  an)  which  wai  ran  iaocratically  with  10 
•M  anoniuB  acetate  and  acthanol  (50:50).  In  anticipation  of  an  increased 
•calc  of  purification  using  the  Waters  Delta  preparative  HFLC  3000  system,  it 
was  necessary  to  determine  whether  a  Waters  CN  scai-preparative  column  would 
work  for  the  separation  of  anatoxin~a(s). 

Good  resttlta  were  obtained  with  a  modified  technique  that  utilised  a 
linear  gradient  of  water  to  6  mK  emmnniua  acetate  in  25  min.  The  separation 
profile  of  anatoxin-a(s)  using  a  Waters  CX  column  (7.8  x  300  am)  is  shown  in 
Fig.  2  with  a  retention  time  of  25  min.  It  was  observed  that  the  toxin  eluted 
from  a  single  run  on  the  semi-preparative  column  centained  side  peak 
contaminants  and  discolored  products  as  shown  by  the  repeat  run  on  the 
semi-preparative  column  (Fig.  3) . 

The  discoloration  of  the  collected  semi-preparative  run  peaks  were  likely 
a  result  of  pigsMnt  contamination.  These  pigments  were  apparently  leached 
very  slowly  from  the  semi-preparative  column.  Depending  on  the  appearance  of 
the  toxin  collected  from  the  second  HFLC  semi-preparative  rerun,  it  is 
•ometisMs  necessary  to  rerun  the  pooled  toxins  on  an  anlytieal  column.  A 
typical  analytical  HFLC  profile  of  anatoxin-a(s)  is  shown  in  Fig.  4.  The 
purity  of  the  toxic  peak  was  further  verified  using  TLC  in  all  four  solvents 
which  gave  a  single  spot  with  a  minor  spot  at  the  origin  that  corresponded  to 
the  pigment.  The  average  yield  of  toxin  obtained  from  the  20  g  extracted  is 
about  1  mg. 

Aaatoxitt-a  was  extracted  using  the  same  smthod  as  for  •natoxin-a(s) .  In 
the  gel  filtration  run  (Sephadex  G-15),  anatoxin-a  was  found  to  be  eluted 
after  between  100-120Z  of  the  column  bed  voIum  had  passed.  In  the  HFLC  run 
using  the  Waters  CX  (7.8  x  300  mm)  semi-preparative  column,  anatoxin-a  was 
eluted  with  a  higher  ammonium  acetate  concentration  than  anatoxin-a(a)  (Fig. 
5).  This  corresponds  very  well  to  the  results  with  ion-exchange 
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ehroautography  uaiog  Cl^Sapbadaz  C-25  (««akly  basic  cation  azcbangac)»  vbeza 
anatcoitt-a  «as  alutad  vitb  1.0  M  aeatic  acid  and  anatoxin-a(s}  vitb  0.3-0 .5  M 
acatie  acid.  Tba  ion-azcbange  cbroaatograpby  vas  used  in  tbe  aarly  stages  of 
■atbods  davelopaMnt  but  in  tbe  current  natbodt  ion-excbange  bas  been 
aliainatad. 

As  vitb  tbe  aaatozin-a(s}«  tba  toxin  collected  froa  tbe  first  HFLC  run 
was  slightly  discolored.  It  was  oacasaary  to  ramn  tba  toxin  on  tba  second 
HFLC  eolnan  in  order  to  aliainata  tbe  pigaants. 
b.  Cbolinesterasa  iahihitioa 

Tba  inhibition  of  eel  aeatylcbolinestarasa  (EC  3.1 .1.7)  by  anatoxin-a(s) 
is  shown  in  Fig.  6.  Tba  inactivation  of  eel  acetylcholinesterase  by 
aaatoxitt-a(:i)  was  tiaa  and  concentration-dependent.  Tbe  inactivation  followed 
first-order  kinetics,  indicative  of  reversible  binding  of  the  inhibitor, 
followed  by  irreversible  inhibition.  Likewise,  the  inhibition  of  busan 
erythrocyte  acetylcbolinesteraae  (EC  3.1 .1.7)  by  anatoxin-a(a)  was  tine  and 
eoneentratiott-depeadent  (Fig.  7).  Tbe  pattern  of  inhibition  resembled  that  of 
eel  acetylcbolinesterase ;  but  further  comparison  indicated  that  tbe  inhibition 
by  anatoxin-a(s)  vas  greater  towards  humsn  erythrocyte  acetylcholinesterase 
than  eel  acetylcholinesterase.  This  vas  done  by  comparing  the  percent 
inhibition  at  a  fixed  tism  versus  the  toxin  concentrations  used.  Tbe  crude 
preparation  of  human  erythrocyte  acetylcholinesterase  night  have  contributed 
to  the  observed  differences ~  The  inhibition  of  horse  serum  cholinesterase  (or 
butyrylcholinesterase)  (EC  3.1 .1.8)  by  anatoxin:-a(s)  vas  found  to  be  less 
apecific  than  the  inhibition  of  acetylcholinesterase.  The  inhibition  of  the 
butyrylcholinesterase.  The  inhibition  of  the  butyrylcholinesterase  vas 
observed  to  be  non-linear  (Fig.  8).  The  nonlinearity  vas  shown  to  be  biphasic 
when  the  inhibition  vas  carried  out  a  lower  concentration  of  anatoxinra(s). 


lasfiggMfis 

On*  of  the  aejor  problems  vith  the  lerge-scsle  purification  of  the 
neurotoxins  is  the  presence  of  chlorophyll  and  other  pigments  which  on  many 
occasions  were  eluted  with,  the  purified  toxin.  A  number  of  steps  have  been 
taken  to  reduce  or  eliminate  contaminations  from  these  pigments.  In  the 
earlier  stage  of  extraction,  this  was  achieved  by  the  use  of  disposable 
preparative  cartridges,  either  Bond  Slut  (Analytichem)  or  Sep-pak 
(Waters).  In  order  to  avoid  'leached''  pigments  in  the  columns  during  HPLC 
runs,  the  pooled  toxin  after  the  first  run  was  rerun  (purified)  on  a  second 
column.  If  there  were  side  peaks  present  in  the  pooled  repurified  toxin,  the 
toxin  was  further  separated  on  an  analytical  HPLC  column. 

The  present  HPLC  technique  is  time  consuming.  An  attempt  to  scale-up  the 
purification  of  anatoxitt-a(s)  to  the  preparative  scale  has  been  achieved  in 
order  to  reduce  running  tiaw.  It  was  carried  out  on  the  custom  made 
preparative  cyano  column  (Delta  500,  SO  x  290  mm)  with  the  same  swbile  phase 
as  that  used  for  the  semi-preparative  runs. 

The  cholinesterase  inhibition  studies  led  to  several  conclusions.  The 
irreversibility  of  the  inhibition  of  anatoxitt-a(s)  on  eel  acetylcholinesterase 
has  been  shown  using  equilibrium  dialysis  and  a  plot  of  Vmax  versus  total 
enayme.^  It  was  also  observed  that  diluting  the  inhibited  enzyme  up  to  100 
times  with  pB  8.0  phosphate  buffer  di-*  not  cause  any  reversibility. 

The  irreversible  action  of  aaatoxin-a(s)  seemed  to  occur  without  first 

forming  the  reversible  enzyme-aoatoxin-a(s)  complex  as  shown  by  the  plot  of 

first-order  rate  constants  (p)  against  increasing  snatoxin-a(s)  concentrations 

(rig.  9).  This,  if  it  is  truly  happening,  is  intriresting  because  all  known 

irreversible  anticholinesterases  (i.e.  organophosphates)  vith  the  exception  of 

o 

fZ  [o-ethyl  8-2  (diisopropylamino)  ethyl  amthyl  phosphonothioate]  form  a 
reversible  complex  vith  the  enzyme  prior  to  the  irreversible  inhibition.  All 


of  those  IrTOToroible  eomponda  act  oa  the  enajee  ective/peripherel  sites. 
This  would  «ake  eiutosln-e(s)  e  noo-speeifie  iahibitor  of  aeetylcholinester- 
rose,  k  ntaber  of  expexinents  can  be  done  to  show  this,  i.e.  the  pH  effect, 
the  substrate  and  the  presence  of  reversible  inhibitor  on  the  activity  of 
anetozin>-a(s) . 

The  nonlinear  character  of  the  inhibition  of  butyrylcholinesterase  by 
anatonitt~s<s)  could  be  doe  to  the  presence  of  two  or  more  different  forms  of 
the  enaymes  which  are  reacting  at  diff exert  rates  from  one  another.  These 
different  forms  could  be  either  different  aubsites  on  the  same  enayme,  which 
react  at  different  rates  with  anatoxin-avs),  or  a  mixture  of  different 
isoaymes. 
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20.0  a  lyophilized  cells 
250  ml  ethanol  (pH  4.0) 

stir  24.0  h 
+ 

centrifuge  10,000  rpm  1  h 
+ 

air  dried,  reconstitute  in  50  ml 

0.1  M  acetic  acid 
♦ 

Bond  Elut  C^3 

air  dried,  reconstitute  in  20  ml 

0.1  M  acetic  acid 
4 

centrifuge  10.000  rpm  1  h 
4 

Gel  filtration  (Sephadex  G-15) 

4 

Sep-pack  C,o 
^  18 

Semi -Prep  HPLC 


^repeat  Bond  Elut  Step  if  supernatant  is  darker  in  color 


Fig.  1.  Flow  diagram  for  the  isolation  of  anatoxin3-a( s)  and 
anatoxin-a 
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F1g.  4  HPLC  (analytical)  separation  of  anatoxIn-aCs)  {+  )  Column  -  Altex 
CN  (4.6  X  150  mm). 
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Fla.  4 


Fia.  5 


FIGURE  LEGENDS 


Semi-preparative  HPLC  of  anatoxin-a( s )  (  + ) . 

Column  -  Waters  CN  (7.8  x  300  mm).  Conditions; 
mobile  phase  -  water  to  6  mM  ammonium  acetate.  0-15 
min  of  100%  water  and  linear  gradient  in  10  min. 
flow  rate  -  2  ml/min;  defection  -  230  nm  @  0.2  AUFS. 
Sample  Injected  from  pooled  G-IS  gel  filtration. 

Semi-preparative  HPLC  of  anatoxin-a( s)  (  +).  Same 
conditions  as  in  Fig.  2.  but  the  injected  sample  is 
the  pooled  toxic  peak  obtained  from  the  first  run. 

HPLC  (analytical)  separation  of  anatoxin-a( s )  (  +  ) 
Column  -  Altex  CN  (4.6  x  150  mm).  Conditions: 

10  mM  ammonium  acetate;  1  mM  acetic  acid  (80:20),  1.5 
ml/mln..  230  nm.  0.2  AUFS. 

HPLC  separation  of  antx-a  (  ■♦■  )  on  Waters  CN  column 
(7.8  X  300  mm).  Conditions;  100%  water  (15  min.)  — > 
0  to  8  mM  ammonium  acetate,  linear  aradient  in  15  min 
— >  100%  8  mM  ammonium  acetate  (15  min)  at  2  ml/min. 
230  nm.  Antx-a  peak  (  +  ). 


Fig.  6  Progressive  irreversible  inhibition  of  eel  acetylcho¬ 
linesterase  by  antx-a(s).  Antx-a(3)  concentrations, 
ug/ml:  (☆)  -  0.083;  (□)  -  0.166;  (O)  -  0.331; 

( A  )  -  0.497;  (  ♦  )  -  0.599;  (  •  )  -  0.662;  (  ▼  )  - 
1.262.  Each  point  represents  the  mean  of  3  of  4 
determinations . 

Fig.  7  Progressive  irre/ersible  inhibition  of  human 
erythrocyte  acetylcholinesterase  by  antx-a(s). 
Antx-a(s).  Antx-a(3)  concentrations,  ug./ml;  {  •)  - 
0.16;  (  ▼  )  -  0.32;  (  ■ )  -  0.66;  (  O)  -  1.26.  Each 
point  represents  the  mean  of  3  determinations. 

Fig.  8  Progressive  irreversible  inhibition  of  horse  serum 
cholinesterase  by  antx-a(s).  Antx-a(s) 
concentrations,  ug/ml;  (a)  -  0.331;  (a)  -  0.662; 

(  ■)  -  0.994;  (  ★)  -  1.325;  (  •)  -  1.656.  Each  point 
represents  the  mean  of  3  or  4  determinations. 

Fig.  9  Plot  of  first-order  rate  constants  versus  antx-a(s). 
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b«  Intraperitoneally  Dosed  Rata 

c.  Phrenic  Nerve  Stiaulation  in  Aniaals  Given  Antx-A 
Discussion 
Future  Plans 
nrotOPPCTlON 

Investigation  of  the  cyanobacterial  neurotozin  anatoxin^e*  produced  by 
Anabaena  flos-aauae.  vas  begun  in  the  fourth  quarter  of  this  contract  year. 
One  goal  of  this  study  was  the  establisbnant  of  a  dose-response  relationship 
for  anatoxin-a  in  rats.  Previous  studies  have  involved  characterization  of 
various  pathophysiologic  effects  of  anatoxin-a  in  isolated  systeas.  In 
general,  however,  data,  on  the  ability  of  the  toxin  to  exert  specific  life 
threatening  effects  jhen  adainistered  to  intact  aniaals,  has  not  been 
generated.  A  second  goal,  therefore,  was  the  developaent  of  a  aethod  to 
stiaulate  the  phrenic  nerves  of  anatoxin-a  dosed  aniaals  to  enable 
detaraination  of  whether  phrenic  nerve-diaphcagnatic  neuroauscular 

s 

transaission  is  blocked  by  the  toxin. 


a.  Toacin 


’^caipurified"  anatoxin-a  (antz-a)  extract  was  used  in  all  studies 
inus  far  since  purified  toxin  is  as  yet  unavailable.  The  "seaipurif ied" 
toxin  vas  extracted  (see  Figure  1)  by  adding  lyophilized  cells  to  ethanol 
(pH  4.0»  adjusted  with  acetic  acid)  and  stirred  for  18  hours.  The 
solution  was  then  centrifuged  and  the  supernatant  fluid  vas  renoved  and 
filtered.  The  filtrate  vs*:  then  passed  through  a  preparative  cartridge, 
Bond  Blut  (Analytic  Chen) .  The  final  filtrate  vas  then  dried  down  and 
reconatituted  with  aaline  to  a  concentration  of  0.1  g  dry  cell 
awterial/nl  of  extract  equivalence  and  frozen.  The  "seaipurif ied**  antx-a 
at  this  point  is  a  clear  green  solution.  Toxicity  vaa  verified  by  mouse 
bioassay.  Purity  of  the  solution  was  not  determined  due  to  the 
unavailability  of  a  pure  toxin  standard.  All  doses  of  "seaipurif ied" 
antz-a  used  in  this  phase  of  the  study  caae  from  the  saae  batch  of 
extracted  cell  suterial. 
b.  Animals 

Male,  Harlan  Sprague  Oavley  SD  rats  weighing  between  283  and  375 
graas  were  injected  with  varying  doses  of  the  "seaipurif ied"  antx*-a 
intravenously  (17)  as  well  as  intraperitoneally  (IP)  for  comparison, 
e.  IntravenoualT  Dosed  Rats 

Five  rats  were  injected  17  with  antx*>a  via  a  catheter  in  the  tail 
vein.  Doses  are  shown  in  Table  1.  All  5  animals  in  the  17  dosing  group 
were  anesthetized  with  aethoxyflurane  and  weighed.  A  26  gauge 
Angioeath  vas  then  placed  in  one  of  the  tail  veins.  The  rats  were 
allowed  45  to  75  ainutes  to  recover  from  the  anesthetic  prior  to  dosing 
with  the  "seaipurif ied"  toxin. 


For  eoaparison  offoets  after  IF  adainittration,  5  rats  vara  Injected 
IP  vlth  rarying  aaounts  of  "semipurified”  antz-a  vith  two  of  the  rats 
being  injected  tvice.  The  second  injections  were  given  after  a  recovery 
period  of  1  week. 

a. 

Aaiaals  which  died  following  treataent  were  iaaediately  necropsied. 
The  skin,  brain,  skeletal  anscles,  thoracic  and  abdoainal  organs  were 
ezaained  grossly.  The  lungs  were  fixed  via  intratracheal  instillation  of 
. lOZ  nentral,  buffered  foraalin.  Sections  of  tissues,  including  liver, 
lung,  saall  intestine,  kidney,  spleen,  ayocardiua,  spinal  cord  and  brain, 
were  fixed  by  iaaersion  in  lOZ  neutral,  buffered  formalin.  These  tissues 
were  routinely  processed,  eabedded  in  paraffin,  sectioned  at  6  um,  and 
stained  with  hcaatozylin  and  eoain. 

f.  Preliainart  Jevelopaent  _Qf  Techniques  to  Evaluate  Phrenic  Herve 

gtiOTUtifftt..  jLa.iauia]. 

Dcvelopawnt  of  a  technique  to  electrically  stimulate  the  pL.-enic 
nerve  in  the  live~anesthetised  animal  was  begun  this  quarter.  Three  rats 
were  anesthetized  with  IP  injections  of  pentobarbital  and  four  rats  by  IV 
administration.  A  ventral  midline  incision  was  made  beginning  at  the 
stemuz:  and  extending  anteriorly  approximately  2  1/2  cm  along  the  ventral 
neck.  The  phrenic  nerve  was  expesed  by  sharp  and  blunt  dissection  at  the 
point  it  branches  off  the  Vth  cervical  nerve  and  crosses  the  Vlth  and 
Vllth  cervical  nerves.  Initially  used  spade  electrodes  were  replaced  by 


cuff  electrodes 


Sorrivsl  data  ia  ahovn  in  Table  1.  Aninala  that  aurvived  were 
obaerved  for  7  days  poatdcaing.  The  two  animala  which  aurvived  the  IV 
doaing  (i.e.  rata  1  and  4),  ahoved  clinical  aigna  but  appeared  to 
recover  fully  baaed  on  clinical  obaervationa.  Rat  1  vaa  unable  to  walk 
ioMdiately  after  the  IV  injection  but  could  crawl.  Thia  appeared  to  be 
due  to  a  aoderate  auaele  weakneaa.  When  the  rat  did  nove,  ita  head  and 
liob  aotiona  were  exaggerated.  Thia  animal  could  walk  by  26  minutes 
poatdoaing  and  appeared  clinically  normal  by  30  minutea  poatdoaing.  At 
BO  time  did  thia  rat  appear  unreaponaivs  to  external  atimuli  or  exhibit 
signs  of  labored  breathing.  Rat  4  waa  alao  unable  to  walk  uanediately 
after  doaing  but  waa  able  to  crawl.  Immediately  after  injection,  the 
rat's  left  hindliadi  appeared  paretic.  Although  the  rat  could  move  the 
1*8  *  it  vaa  extremely  weak  as  compared  to  the  other  legs  and  had  no  pedal 
reflex.  At  one  minute  after  doaing,  the  rat  had  an  increased  respiratory 
rate  with  generalized  muscle  weakness.  The  rat  had  an  intact  righting 
reflex  at  all  times.  By  4  minutes  poatdoaing,  the  left  hindlimb  paresis 
appeared  to  move  anteriorly  and  partially  affected  the  left  foreliatb. 

The  rat  did  not  respond  to  needle  pricks  on  tne  left  aide  either 
laterally  or  dorsally  from  the  hindlimb  to  the  shoulder.  At  9  minutes 
poatdoaing,  the  rat  began  to  respond  to  pinching  of  the  toes  of  the  left 
hindlimb  and  began  steady  improvement  in  the  use  of  ita  left  fore-  and 
hindlimb.  The  rat  improved  quickly  during  the  next  10  minutea. 
Improvement  tapered  off  during  the  next  16  minutea  but,  by  35  minutes 
poatdoaing,  the  rat  appeared  clinically  normal. 

The  three  rata  given  lethal  doses  IV  (see  Table  1}  demonstrated  a 
fairly  consistent  progression  of  clinical  aigna.  Rata  2  and  3  were 


vaabl*  to  ««lk  by  tb«  tim  the  aniuls  vere  placed  in  the  box  for 
observation  (approzioately  S  seconds  after  the  start  of  the  injection), 
lat  5  vas  able  to  walk  for  approximately  10  seconds  after  being  placed  in 
the  box  but  then  it  too  began  demonstrating  the  generalized  muscle 
weakness  and  quickly  progressed  to  only  being  able  to  crawl.  Each  of  the 
three  rats  vas  able  to  crawl  for  only  15^0  seconds.  Clinical  signs 
occurred  fairly  consistently  in  the  order  shown  in  Table  2. 
b.  Intrsperitoneallv  Posed  Rate 

Four  of  the  rats  injected  intraperitoneally  once  and  one  injected 
twice  survived  (see  Table  3).  The  rats  which  survived  demonstrated  a 
variety  of  clinical  responses  to  IF  dosing  from  no  change  to  moderate 
unresponsiveness  to  external  stimuli  and  inability  to  walk. 

After  the  first  dosing,  rats  6  and  7  did  not  exhibit  any  clinical 
effects.  Sat  9  began  to  experience  labored  breathing  12  minutes  after 
dosing.'  By  18  minutes  postdosing,  the  rat  could  barely  walk  and,  by  20 
minutes  postdosing,  it  could  only  crawl.  Respiration  continued  to  be 
labored  until  27  minutes  after  dosing  when  the  dyspnea  began  to  ease  and 
crawling  activity  began  to  increase.  By  56  minutes  postdosing, 
respiration  appeared  normal.  Although  the  rat  could  walk,  its  limb  and 
head  movements  vere  exaggerated.  Clinical  recovery  appeared  complete  by 
61/2  hours. 

Rat  10  appeared  normal  until  9  minutes  postdosing.  At  that  time,  it 
began  to  walk  with  exaggerated  motions  of  the  limbs  and  had  an  increased 
respiratory  rate.  The  respiratory  rate  and  abnormal  limb  movement 
continued  to  increase  for  the  next  two  minutes.  This  appeared  to  peak  by 
11  minutes  postdosing,  and  then  began  to  slowly  improve.  At  36  minutes 
postdosing,  the  rat  vas  still  somewhat  unresponsive  to  stimulation  and 
had  slightly  exaggerated  liad>  movement  but  normal  respiration.  By  eight 
hours  postinjcction,  the  animal  appeared  clinically  normal. 


lac  6  vat  injected  a  second  ciae  ZP,  7  days  following  the  first 


injection,  kt  six  ninutes  postdosing»  it  exhibited  a  reduction  in 
spontaneous  aovenent.  This  decrease  in  activity  progressed  to  moderate 
unresponsiveness  to  stimuli  during  the  next  two  minutes.  At  that  time 
the  rat  was  extremely  weak  and  could  not  walk  but  could  crawl.  The 
Two  rats  died  following  IP  injection  (see  Table  3).  Rat  7  was 
injected  tvicet  the  second  IP  injection  being  7  days  after  the  first. 

Both  rats  exhibited  a  similar  progression  of  clinical  signs  with  no 
abnormalities  noted  for  the  first  5-4  minutes.  The  rats  then  became 
weak,  could  not  walk,  but  could  crawl.  The  severity  of  the  clinical 
signs  progressed  during  the  next  6  minutes  with  the  onset  of  and  increase 
in  labored  breathing,  tremors  of  the  neck  and  back  muscles  followed  by 
kicking  of  the  backlegs.  Death  quickly  followed  the  onset  of  violent, 
rapid  (every  2-3  seconds)  hindliab  kicking  and  apparent  respiratory 
paralysis  at  11-13  minutes  postdosing, 
c.  Phrenic  Berve  Stimulation  in  Animals  Given  Antx-A 

In  the  study  to  assess  phrenic  nerve/diaphragm  neuromuscular 
transmission,  problems  encountered  initially  included  excessive 
hemorrhage  in  the  first  3  rats  and  excessive  stimulation  and  contraction 
of  the  thoracic  limb  with  little  evidence  of  diaphragmatic  contraction 
noted. 

Kost  of  these  problems  appear  to  be  corrected  by  altering  the 
surgical  approach.  Less  tissue  trauma  occurs  and  all  the  local  major 
vasculature  is  avoided.  This  greatly  decreases  the  amount  of  hemorrhage. 


Harvard  Subminiature  Electrode,  Harvard  Apparatus  Company,  Inc.,  South 
Hatick,  HA. 


By  using  null  cuff  uluetrodus^  and  crmseeting  tbe  phrenic  nerve 
enterior  to  the  electrodes,  it  sppesrs  chet  the  Insdvertant  sf.imulatioa 
of  local  neural  and  muscle  tissue  with  resultant  contraction  cau  be 
avoided.  The  nev  approach  and  electrodes  have  only  been  used  in  three 
rats  thus  far.  The  surgical  techniques  involved  vill  still  require  some 
practice  before  using  this  technique  in  formal  studies  of  antx-ar 
DISCDSSIOlii 

The  work  completed  in  the  investigation  of  antx-s  thus  far  would  suggest 
that  the  toxin  has  a  fairly  steep  dose-response  curve*  This  is  supported  by 
the  fairly  narrow  IT  dose  range  that  produced  clinical  signs  ranging  from 
fairly  brief,  moderate  muscle  weakness  to  death.  Tbe  rapidity  with  which 
clinical  signs  appeared  and  death  resulted  following  IT  injection  would 
suggest  that  antx-a  is  quickly  distributed  from  the  blood  to  its  effector 
site(s).  Intraperito^ieally  dosed  rats  required  higher  doses  to  produce 
clinical  effects  and  experienced  a  longer  time  until  onset  of  signs.  The  time 
to  death  with  IP  dosing  was  in  agreement  with  other  investigator's 
experimental  findings.  The  differences  in  dose  and  time  to  clinical  signs  may 
potentially  be  explained  in  part  by  the  polarity  of  antx-a  preventing  its 
rapid  uptake  from  the  peritoneal  cavity  by  tbe  vasculature. 

Mo  gross  lesions  were  found  during  necropsy  of  the  rats  that  died.  Mo 
treatment-related  microscopic  lesions  were  found  in  tissues  from  the  two  rats 
that  received  the  largest  doses  IT  and  IF  (#2-IT;  #7-1?) . 

FOTUkE  FLAMS 

In  the  next  quarter,  the  technique  to  electrically  stimulate  the 


diaphragm  via  the  phrenic  nerves,  will  be  perfected.  The  dosages  employed  in 
the  preliminary  study  will  serve  as  a  guide  for  use  in  this  site  of  action 
assessment.  A.pproximately  30  ml  of  the  "semipur if ied"  antx-a  used  in  this 
study  remains  and  will  be  employed  in  the  following  aspects  of  the  study  to 


wiintain  consistency.  Once  the  technique  is  readily  repeatable,  antr-a  vill 
be  adainistered  IV  at  a  known  lethal  dose  (determined  in  the  last  quarter)  and 
the  effect  on  the  diaphragm  vill  be  noted.  Sapid  onset  of  diaphragmatic  and 
respiratory  paralysis  after  dosing  would  suggest  that  the  distribution  of 
effector  sites  at  least  partially  includes  the  peripheral  nervous  system.  If 
diaphragmatic  contraction  continues  unaffected,  the  suggestion  would  be  that 
the  antx-a  effects  on  respiration  are  primarily  in  Che  central  nervous  system. 
Ve  anticipate  ussediate  respiratory  paralysir  which  vill  not  be  particularly 
responsive  to  phrenic  nerve  stimulation.  This  would  support  a  hypothesis  that 
the  peripheral  myoneural  junction  is  the  principle  site  of  action  of  antz-a. 


1 


fitur*  1.  Flow  DiagrJB  for  and  Clean  op  of  "Senipurlf led" 
Anatozis-A. 

5.0  g  Lyophilized  cell 

200  to  250  ■!  95Z  Ethanol  (pH  4.0} 
atir  18  hr. 

Centrifuge  3000  rpa  15  nin 
.45  um  Filter  paper 
.20  ta  Filter  paper 
Bond  Blot  C^g 

Dry  down,  reconstitute  in  SO  ■!  saline 


Freese 


-  112  - 

Table  1.  Data  for  Rata  Given  "ScBipurif led”  Anatoxin-A 
by  Intravenous  Adainistration. 


Sat 

Weight 
(in  graas) 

. Voluae  of  Toxin 
(in  nil  111  iters) 

Dose  (ml/kg) 

Results 

1 

295.0 

0.5 

1.69 

Survived 

2 

283.0 

1.0 

3.53 

Died 

3 

302.7 

0.8 

2.64 

Died 

4 

295.4 

0.6 

2.03 

Stirvived 

299.5 


0.7 


2.34 


Died 
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Table  2 

Usual  TisM  Course  of  Effects  in  Rats  Dosed  Intravenously  vith  Anatoxin-A 


Tiae 

(Seconds  PostiniectionO  Effects 

0-30  weakness,  inability  to  walk,  crawling 

30-60  liap  tail,  arching  of  neck,  kicking  of  backlegs 

60-90  slight  to  ■oderats  contraction  of  back  miscles 

(saatetisMs  involving  the  general  ausculature) , 
increased  frequency  of  kicking  with  backlegs,  no 
evidence  of  respiration 

*90  death 


*Sat  S  died  at  ISO  seconds  postdosing.  The  onset  of  each  of  the  above  groups 
of  clinical  signs  was  delayed  approximately  30  seconds,  as  compared  to  rats  2 
and  3. 
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T«bl«  3.  D«t«  for  Rati  Given  cn  Intraperitoneel  Injection  of 
"Seaipurified"  4netozin-A. 


Sat 

Weight 
(in  graas) 

Volume  of  Toxin 
(in  milliliters) 

Dose  (al/kg) 

Results 

6 

312.4 

0.74 

2.37 

Survived 

7 

296.4 

0.77 

2.60 

Survived 

8 

310.8 

1.10 

3.54 

Died 

9 

355 .4 

1.10 

3.10 

Survived 

10 

349.4 

1.15 

2.29 

Survived 

*6 

323.9 

1.15 

3.55 

Survived 

*7 

324.0 

1.20 

3.70 

Died 

^Doeed  twice •  the  second  injection  followed  the  first  by  7  days. 
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SUMMART 

T««Qt7  cows  from  «  dairy  hard  coasiating  of  60  adult,  healthy,  laetating 
Holstein  dairy  cows  developed  signs  of  anorexia,  mental  derangement, 
dehydration,  recumbency  and  ruminal  atony  after  the  ingestion  of  water 
containing  blue-green  algae.  Nine  of  the  cows  died.  The  algal  blocm,  which 
developed  in  a  stagnant  pond  during  hot,  dry  weather,  was  positively 
identified  as  the  cyanobacterium  Microcystis  aeruginosa,  a  potentially 
hepatotozic  algae.  One  week  after  the  incident,  previously  affected  cows 
appeared  healthy  although  liver-associated  enzyme  activities  were  elevated. 

Intranminal  administration  of  the  intact  wet  blocm  to  an  apparently 
healthy  125  kg  heifer  was  followed  by  hepatic  necrosis  and  death.  The  liver 
was  enlarged,  friable  and  gunmetal  blue  in  color  with  microscopically  evident 
hepatocyte  dissociation,  degeneration  and  necrosis.  The  ingests  of 
the  animal  contained  typical  clumps  of  cells  which  were  identified  as  M. 
KmiPOW* 

The  intraperitoneal  (IP)  administration  of  lyophilized  cell  material 
from  that  bloom  to  ICR  Swiss  male  nice  caused  narked  hepatic  enlargement.  The 
IP  UDjg  of  dried  bloom  was  estimated  to  be  10  mg/kg. 

A  cyclic  peptide  toxin  purified  from  the  algae  appears  to  be 
structurally  similar  to  toxins  from  other  previously  characterized 
hepatotoxic  blooms  of  M.  aeruginosa. 
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Poisoning  duo  to  tho  bluo-grocn  olga  (cyonobaeteriua)  MicrocYstis 

aorngino—  haa  boon  roported  in  livestock  from  various  parts  of  the  vorld 

12  3 

including  Australia,  South  Africa,  and  Canada.  *  *  A  cyclic  peptide 

produced  by  toxic  bloons  of  this  alga  causes  massive  hepatotoxicosis  when 

12  3 

ingested  in  sufficient  amounts.  *  *  Potentially  toxic  blooms  of 
Microcystis  tend  to  form  in  water  when  dry  weather  and  high  nutrient 
concentrations  are  coupled  with  slow  water  atovement.^  Poisoning  is  more 
likely  when  animals  have  access  to  an  area  where  wind  or  water  flow  have 
concentrsted  tho  bloom  nosr  the  edge  of  a  lake,  pood  or  stream. 

Tho  present  report  describes:  (1)  environmental,  clinical  and  serum 
chemistry  findings  associated  with  a  naturally  occurring  outbreak  of 
Microcystis  aeruginosa  toxicosis  in  a  herd  of  dairy  cattle;  (2)  the  clinical, 
serum  chemistry  and  pathologic  findings  in  a  heifer  given  the  suspected  algal 
bloom  from  tho  dairy  farm;  (3)  the  isolation  and  characterisation  of  the 
toxin;  and  (4)  a  field  diagnostic  technique  for  confirming  exposure  to  a 
WiSMSIIlit  bloom. 

Field  investigation— On  September  26,  1985,  toxicologists  from  the 
Hational  Animal  Poison  Control  Center,  College  of  Veterinary  Medicine, 
University  of  Illinois  st  Urbana-Champaign  investigated  a  suspected 
blna-grsen  slgse  toxicosis  which  began  one  week  previously  in  a  herd  of  dairy 
cattle  near  Monroe,  located  in  Green  County  of  southern  Wisconsin.  The  site 
was  inspected  and  historical  information  was  recorded.  Serum  samples  for 
biochemical  assessment  (including  serum  albumin,  alkaline  phosphatase  (AP), 
arginase,  gamma  glutamyl  transpeptidase  (GGT),  aspartate  amino  transferase 
(AAT),  bilirubin,  blood  urea  nitrogen  (BDH),  creatine  phosphokinase  (CPK) , 
creatinine,  lactate  dehydrogenase  (LDH),  calcium,  glucose  and  electrolytes) 
were  obtained  from  the  tail  veins  of  seven  cows  that  had  been  clinically 
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afftetcd,  scrm  eov«  that  had  baen  exposed  to  the  algae  bat  were  aot 
clinieall;  affected  and  three  aniaals  that  had  not  been  exposed  to  the  algae. 
Twenty  gallons  of  algal  bloon  (approximate  dry  weight  of  the  cells  was  20  g/1) 
were  collected  froa  the  pood,  overflow  and  drainage  ditch  for  further  study. 
Fresh  and  fonalin  fixed  saaples  were  sent  (to  V.  V.  Caxaichael)  for  algal 
identification  and  toxin  characterization. 

Xxperiasntal  protocol— Because  postaortea  examinations  had  not  been 
perforaed  on  the  cows  that  died  in  Visconsin,  a  trial  was  conducted  using  an 
apparently  healthy,  12S  kg  black  Angus  ruainant  heifer  in  order  to  support 
the  field  diagnosis  and  docuaent  blue-green  algae  toxicosis  in  cattle.  The 
equivalent  of  two  grasM  (dry  weight  basis)  of  Microcystis  cells  per  kilograa 
body  weight  was  adainistered  intraruainally  to  the  heifer  via  a  stoaach  tube. 
Bight  liters  of  the  wet  blooa  were  divided  into  two  doses  given  one  hour 
apart  in  order  to  avoid  excessive  distension  of  the  rusien.  The  dry  weight 
dosage  selected  was  similar  to  that  which  was  experiaentally  lethal  to 
sheep. ^  The  aniaal  was  continuously  observed  for  clinical  signs.  Saaples 
for  hematology  and  serum  chemistry  analysis  were  obtained  from  the  jugular 
vein  twice  during  the  week  prior  to,  isoediately  before  and  every  3  hours 
after  dosing. 

Cross  necropsy  was  perforaed  iaaediately  after  the  heifer  died.  Tissues 
were  fixed*  in  lOZ  neutral  buffered  formalin,  iabedded  in  paraffin,  sectioned 
at  5  ua  and  stained  with  hematoxylin  and  eoein.  Samples  of  blooa  and  ruainal, 
oaasal  and  abosMsal  contents  were  refrigerated  and  wet  preparations  were 
examined  under  a  coverslip  with  a  light  aicroscope. 

Algae  and  Toxin  Identification— The  cell  aaterial  was  freeze  dried  and 
sonicated  to  release  the  suspected  water  soluble  toxin.  The  aqueous  extract 
was  then  purified  using  gel  peraeation  chromatography  and  reverse  phase  high 
performance  liquid  chrosutography  (BFLC). 
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An  approxiMt*  intxaparitoneal  1^30  of  the  freeze^drled  bloon  for  ICR 
Sviee  ule  mice  (15-25  gme)  vaa  determined.  Body  veigbta  and  liver 
weights  as  a  percentage  of  body  weights  were  obtained  iamediately  after 
death. 

High  pressure  liquid  ehroaatography  (HFLC)  correlation  profiles  were 
studied  for  the  purified  Monroe  toxin  with  two  cyclic  peptide  toxins, 
AXERTOX^  (a  toxin  produced  by  a  Rorwegian  H.  aeruginosa  water  blooa^)  and 
the  toxin  produced  by  laboratory  H.  aeruginosa  strain  7820.  HFLC  was  done 
using  an  Alltech^  C-18  column,  25  cm  x  4.6  mm  inside  diameter  with  10 
micron  packing  and  a  liquid  phase  of  28Z  acetonitrile  plus  10  uM  ammonium 
acetate  (pH  1.0)  at  a  flow  rate  of  1  ml/min  at  22  C.  Toxins  were  detected 
with  a  Gilson  Holochrome  ultraviolet  detector  set  st  240  nanometers.  Ratios 
of  smino  acid  constituents  for  the  toxin  were  obtained  by  hydrolysis  with 
6H  HCl  precolumn  derivatization  with  phenylisothiocyanate  and  analysis  with 
a  Haters  Picotag  HPLC  system  and  UV  detection  at  254  m.^ 

Statistical  analysis— Clinical  pathologic  parameters  of  the  groups  were 
compared  using  the  unprotected  Least  Significant  Differences  (LSD)  Method^ 
at  a  significance  level  (alpha  ■  .05). 

Pf  vU« 

Environmental  findings— The  weather  had  been  hot  end  dry  for  several 
months  prior  to  the  incident  and  a  thin,  grainy,  green  film  had  formed  on  a 
stagnant,  spring-fed  pond  (Fig  1).  On  September  17,  1985  wind  had 
concentrated  the  bloom  near  the  pond  overflow  pipe  and  it  began  to  rain.  By 
the  next  day,  one  inch  of  rain  had  fallen,  filling  the  pond  which  then  began 
to  drain.  A  large  amount  of  the  thick,  concentrated  algal  bloom  was  carried 
out  of  the  pond  and  deposited  along  a  shallow  ditch  in  a  pasture  where 
lactating  dairy  cows  were  often  kept. 


Exposure  history  sad  clinicsl  findiagS'-HJa  the  evening  of  September  18, 
after  the  rain  had  subsided,  60  healthy  adult  lactating  Holstein  dairy  cows 
(in  all  stages  of  lactation)  vere  turned  into  the  pasture.  Twelve  hours 
later,  twenty  cows  were  anorrric  and  three  recumbent.  Some  of  the  affected 
cows  had  the  green,  grainy  algal  material  on  their  backs,  which,  when  sampled 
on  September  19,  was  confirmed  (by  light  microscopy)  to  consist  of  the  same 
clumps  of  cellular  material  as  found  in  the  pond  and  outflow.  The  cows 
exhibited  clinical  signs  resembling  milk  fever  (anorexia,  unresponsiveness, 
reluctance  to  move  and  occasional  derangement).  Recumbent  cows  rapidly 
became  dehydrated.  Ruminal  atony  and  mild  bloat  developed. 

The  three  cows  that  first  went  down  had  low  pretreatment  blood  calcium 
concentrations  of  6.4,  7.5  and  7.4  mg/dl,  and  initially  responded  to 
intravenous  calcium  treatment.^  All  of  the  animals  were  removed  from  the 
pasture.  Ten  other  severely  affected  animals  were  later  given  calcium 
intravenously  along  with  oral  activated  charcoal.  Two  of  the  animals  that 
had  earlier  responded  to  the  calcium  treatment  became  recumbent  and  died  later 
that  day.  Five  more  cows  were  dead  the  next  morning  and  two  additional 
animals  died  the  following  day.  Unfortunately,  postmortem  examination  was  not 
conducted  on  any  of  the  nine  cows  that  died.  One  week  after  exposure  the 
remaining  affected  animals  appeared  healthy  and  were  returning  to  their  normal 
feed  consumption  and  lactation  rates. 

The  experimentally  dosed  heifer  became  slightly  less  responsive  seven 
hours  after  exposure  to  the  toxic  bloom  and  at  eight  hours  postdosing,  the 
calf  was  recumbent  although  it  would  reluctantly  rise  when  stimulated.  The 
heart  rate  increased  from  a  predosing  rate  of  90  to  114  beats  per  minute 

(bpm);  the  respiratory  rate  increased  from  42  to  66  breaths  per  minute  and 

the  rectal  temperature  rose  from  38.5  C  to  40.5  C.  Profuse,  watery  diarrhea 

developed  which  continued  until  death,  ^e  heifer  was  anorexic,  less 
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xuponsivc,  and  vaak.  Tha  ruaen  contraction  rata  aloved  froa  one  contraction 
par  ainota  (predoaing)  to  ona  contraction  every  three  ninutea. 

Tha  heifar'a  condition  rapidly  deteriorated  during  the  aubaequent  two 
houra.  The  amcoua  aembranea  became  pale  and  the  capillary  refill  time  was 
prolonged.  The  heart  and  reapiratory  ratea  continued  to  rise  with  the  former 
azceading  200  bpa.  The  calf  becaaia  laterally  recumbent,  unresponsive  to 
aztemal  stiauli,  and  died  tan  houra  after  doaing. 

8amm  chemiatry  findinga-~Tha  dairy  cova  from  the  farm  that  had  ahown 
evidence  of  tozicoaia  had  aignif  icantly  elevated  AP,  GGT,  AAT  and  LOH 
activitiea  aa  compared  to  thoae  from  unaffected  exposed  and  non^exposed 
cova  (Table  1)  aeven  daya  after  expoanre  to  the  algae.  The  total  bilirubin 
concentrationa  for  three  of  the  aeven  previoualy  affected  cowa  were 
marginally  elevated.  Serum  electrolytea  and  renal  parametera  were  all  within 
nonaal  rangea  for  cattle. 

For  tha  experimentally  doaed  heifer,  the  AP,  arginase,  GGT,  AAT  and  LOH 
anayiM  activitiea  progreaaively  increased  after  exposure  (Table  2) .  In 
addition,  tha  activity  of  creatine  phosphokinase  steadily  rose  to  almost  3-4 
times  the  predosing  value.  The  total  bilirubin  concentration  showed  a  alight 
increase  late  in  the  toxicosis.  Glucose  rose  early  from  a  predosing 
concentration  of  88  stg/dl  to  276  sig/dl  at  8  hours  and  then  dropped  to  42 
mg/dl  ten  hours  after  exposure.  Other  parameters  were  unchanged. 

Gross  pathologic  findings — ^Tbe  liver  from  the  heifer  was  markedly 
enlarged,  purple-black  in  color  and  on  cut  section  was  friable  and  severely 
congested.  The  gall  bladder  contained  dark  red  bile.  The  wall  of  the  gall 
bladder  was  markedly  thickened  due  to  edema.  This  edema  extended  into 
adjacent  pancreatic  and  mesenteric  tissue.  All  wsenteric  lymph  nodes  were 
enlarged  (2  X  normal  size)  and  cortices  bulged  on  cut  section.  Ingesta  from 
the  rumen,  reticulum  and  abomasum  was  watery  green  with  a  grainy  texture  much 
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lik*  the  elgel  bloon  itself  (Fig  2).  There  vas  scant  evidence  of  ingesta  in 
the  intestines.  The  jejonna  contained  a  small  amount  of  thick  dark-red 
material.  A  small  amount  of  clotted  blood  vas  present  in  the  colon.  The 
kidneys  were  slightly  pale. 

Histologic  findings — ruminal  *  osjisaly  and  abomasal  contents  from  the 
heifer  contained  large  nuad>ers  of  clumped  Microcystis  aeruginosa  cells 
similar  to  those  seen  in  the  pond  (Fig  3). 

In  the  liver  there  vas  severe  hepatocellular  dissociation,  degeneration 
and  necrosis  involving  the  entire  lobule  except  for  a  rim  of  periportal 
hepatocytes  a  fev  cells  vide.  The  affected  hepatocytes  vere  videly  separated 
by  a  large  number  of  red  blood  cells  vith  a  fev  scattered  neutrophils  (Fig 
4).  Central  veins  vere  frequently  obliterated  or  contained  free  hepatocytes. 
Severe  subserosal  edema  vas  present  in  the  gall  bladder.  The  lymph  nodes 
vere  edematous  and  red  blood  cells  along  vith  a  mixed  population  of 


inflammatory  cells  vere  present  in  the  sinuses.  Henorrhages  vere  present  in 
the  lamina  propria  of  the  intestines. 

Other  lesions,  presumably  present  before  dosing  and  therefore  not 
related  to  toxin  administration,  included  moderate  subscute  multifocal 
interstitial  nephritis,  mild  multifocal  suppurative  bronchiolitis  and 
moderate  enteritis. 

Algae  and  toxin  identification— The  green  clumps  of  cells  vere 
positively  identified  as  Microcystis  aeruginosa  (Fig  5}  based  on  microscopic 
morphology.  When  administered  intraperitoneally  to  mice,  'he  lyophiliaed 
bloom  caused  death  vith  massive  hepatic  enlargement  (liver  veight  vas  9Z  of 
the  body  veight  as  compared  to  5Z  for  control)  and  dark  red  discoloration. 

The  murine  for  the  lyophiliaed  bloom  vas  determined  to  be  10  mg/kg. 

The  purified  compound,  like  toxins  previously  purified  and  characterised 
from  strain  7820  and  AKERTOZ,  is  a  cyclic  peptide  and  contains  several 
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■iail«r  aaino  aeida  (equiaolar  ratios  of  alanina,  arginioa,  glutaaata, 
Isucioa  aod  beta  methyl  aspartate).^  The  purified  toxin  from  the  Monroe 
bloom  exhibited  similar  BFLC  retention  times  as  AKES.TOX  and  the  toxin 
produced  by  strain  7C20  (Fig  6).  Also,  when  equal  amounts  of  Monroe  toxin 
and  one  of  the  other  toxins  vere  combined,  the  resultant  peak  vas  doubled  in 
aits,  symmetric  and  at  a  aisular  location.  This  purified  material  vas  shown 
to  retain  the  toxicity  of  the  lyophilixed  cells  as  it  caused  hepatic 
enlargement  and  death  when  injected  intraperitoneally  in  mice* 


Piisytiifia 

This  report  illustrates  the  potential  hazard  of  ]i.  aeruginosa  as  a 
hepatotoxin  in  dairy  cattle.  The  diagnoais  made  following  the  field 
investigation  vas  supported  by  experimentally  reproducing  of  the  syndrome. 

The  hot,  dry  weather  and  stagnant  water  apparently  supported  the  growth 
of  the  toxic  blue-green  algae  bloom  as  previously  described.^  The  signs  of 
anorexia,  unresponsiveness,  variable  hyperthermia,  rectimbency,  ruiaen  atony, 
shock  and  death  seen  in  the  field  and/or  in  the  heifer  dosed  experimentally 
are  consistent  with  those  reported  for  sheep  orally  dosed  with  large  amounts 
of  Microcystis  bloom. ^  These  signs  are  also  consistent  with  usslve  liver 
damage. 

Elevations  of  AF,  arginase,  GGT  and  AAT  activities  all  suggest  a  primary 
problem  of  liver  damage.  The  elevations  of  CPE  and  LDH,  which  are  less  organ 
specific,  could  have  been  due  to  recumbency  as  well  as  to  the  liver  damage. 

The  gross  and  light  microscopic  evidence  of  H.  aeruginosa  cells  in  the 
ingests  of  the  exposed  animals  is  an  important  finding  for  two  reasons. 

First,  examination  of  vet  preparations  of  ingests  by  light  microscopy  at  low 
to  medium  magnification  can  be  easily  and  quickly  used  in  the  field  to 
confirm  bloom  consumption.  Second,  the  intact  clumps  of  cells  could  be  a 
source  of  prolonged  exposure  of  the  animal  to  the  toxin  throughout  the 


gaatrolntestiiial  tract.  This  evidence  auggetta,  therefore,  that  attempting 
to  reau>ve  the  toxin,  or  prevent  ita  absorption  vie  activated  charcoal 
adaorption,  may  be  of  potential  benefit  in  the  clinically  exposed  animal. 

The  intraperitoneal  LD^q  oi  10  mg/kg  estimated  in  mice  for  the 
lyophilized  bloom  material  vas  lower  than  the  approximate  of  40  mg/kg 

found  for  mice  using  other  H.  aenigintsa  blooms  in  this  laboratory.  The 
prominent  hepatic  enlargement  vas  typical  of  experimental  M.  aeruginosa 
toxicosis  in  mice.^ 

Gross  histologic  evidence  of  hepatic  necrosis  has  been  reported  in 
sheep^  and  nice^  exposed  to  H.  aeruginosa  blooms.  The  pathologic  effects 
in  the  calf  dosed  in  this  study  were  consistent  with  those  previous  reports. 

The  HFLC  correlation  profile  of  the  Monroe  toxin  indicates  that  it  is 
very  similar  or  identical  to  the  hepatotoxins  of  strain  7820  (studied  in  this 
laboratory)  and  AKZRTOX^  isolated  from  another  toxic  H.  aeruginosa  bloom. 

The  retention  times  and  symmetrical  peaks  for  the  combined  toxins  provide 
further  evidence  that  the  toxins  are  similar.  The  initial  r^Ino  acid  profile 
of  the  Monroe  toxin  was  also  quite  similar  to  that  of  previously  characterized 
cyclic  polypeptide  hepatotoxins.'^  Yields  from  freeze-dried  cells  of  the 
Monroe  bloom  consistently  were  about  4  mg  of  toxin  per  gram  of  cells.  This 
compares  with  about  1  m*  of  toxin  per  gram  of  cells  for  the  laboratory  strain 
7820  and  is  thought  to  explain  the  difference  in  toxicity  between  the  two 
(i.e.  40  Big/kg  for  7820  and  10  mg/kg  for  the  Monroe  toxic  cells). 

H.  aeruginosa  toxicosis  occurs  under  conditions  favorable  to  the  growth 
and  concentration  of  a  toxic  bloom,  such  as  warm  ambient  temperatures, 
stagnant  water,  high  water  nutrient  concentrations  and  wind.  Toxicosis  should 
be  suspected  when  appropriate  clinical  signs,  clinical  pathologic  and 
postmortem  lesions  of  massive  hepatic  necrosis  along  with  evidence  of  bloom 
consumption  are  present.  This  evidence  may  be  apparent  when  animals  have 
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«cc««s  to  a  potentially  toxic  blooa  of  algae  and/or  iriiea  clunpe  of  Microcystis 
cells  found  in  the  ingesta.  For  confirming  a  diagnosis,  samples  of  the 
ingesta  and  bloom  should  be  split  and  a  smell  portion  (i.e.  S  ml)  preserved  in 
an  equal  or  larger  volume  of  lOZ  neutral  buffered  formalin  or  dilute  Lugol'a 
solution  «nd  the  remainder  (i.e.  500  ml)  refrigerated  (not  frozen)  and  rapidly 
shipped  to  a  laboratory.  These  samreis  can  then  be  used  for  positive  alga 
identification  and  for  proof  of  toxigenicxty  by  mouse  bioassay  along  with 
toxin  isolation  and  ideutificatioa. 

At  present,  recommended  therapy  centers  on  prevention  of  absorption  and 
support.  Poisoned  animals  should  immediately  be  removed  from  the  source  to 
prevent  further  exposure,  lumen  lavage  followed  by  oral  administration  of 
activated  charcoal  may  reduce  absorption  of  the  toxin  although  the  benefit  of 
activated  charcoal  remains  to  be  proven.  Fluids,  glucose  and  calcium  given 
intravenously  nay  benefit  the  clinically  affected  aniul.  Serum  enzymes 
(especially  those  reflecting  liver  status)  should  be  monitored. 
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14BLB  1—SeruB  enxyu  activities  found  to  be  significantly  (p<.0S)  elevated  in 
dairy  covs  seven  days  after  ingestion  of  H.  seruginosa  as  cosipared  to 
unaffected  but  exposed  and  nonexposed  groups  of  covs  (Mean  ±  S.D.). 


Group 


Aspartate 
GaoBa  Aaino 

Alkaline  Glutaayl  Transfer-  Lactate 
Phosphatase  Transpeptidase  ase  Dehydrogenase 


Exposed-shoving  195.1±26.8  201.3±28.8  138.9±15.5  1996.61.77.9 

clinical  signs  (n*7) 


Exposed-no  clinical  70.6il0.11  19.4i  1.7  56.1i  4.2  755.1+49.3 

signs  (n-7) 


Bot  exposed  (n*3) 


123.0±49.5  16.0+  1.0  46  +  4.7 


787.7+59.5 
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TABLE  2— *S«nai  tnzjM  «ctiTitie«  in  a  heifer  crallj  dosed  with  ji.  aeruginosa. 

Aspartate 

Gaaaa  Aaino  Lactate 

Alkaline  Glutaayl  Transfer-  Dehydro-  Creatine 
Phosphatase  Tranapeptidase  ase  genase  Fhosphokinase  Arginase 


Saaple 

Predosing 


4  days 

213 

26 

63 

1636 

188 

6 

2  days 

146 

22 

47 

1264 

92 

1 

At  dosing 

120 

19 

46 

1067 

181 

2 

Postdosing 

3  hours 

122 

16 

49 

1CS8 

286 

4 

6  hours 

ISl 

35 

65 

1101 

295 

11 

9  hours 

253 

59 

ND 

1744 

359 

180 

10  hours 

488 

65 

HD 

2015 

631 

135 
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FICmUSS  SUBMITTED  FOR  FUBLICATIOK 


Fig  1— Th*  po<!d  in  Monroe,  VI  contained  a  green  grainy  fila  of  blue-green 
algae  that  was  wind  concentrated  to  one  aide  (A).  The  grainy  material  from 
the  pond  vater  in  a  100  z  IS  mm  petri  diah  (B). 

Fig  2— Photographa  of  concentrated  blue-green  algae  (H.  aeruginosa)  bloom 
illuatrating  t-aa  paaty,  granular  appearance  of  the  aiaterial  from  the  pond  (A) 
and  from  the  bovine  rumen  10  hours  after  ezpoatire  to  the  toxic  bloom  (B). 

100  X  15  mm  petri  diah. 

Fig  3 — Characteriatic  eluater  of  H.  aeruginoaa  cella  from  the  pond  (A) . 

These  cloatera  give  the  bloom  its  grainy  appearance.  There  vaa  a  lucent 
calyx  aurxouitding  the  cluatera  of  round  cells.  Similar  clusters  from 
nmterial  obtained  from  the  nmen  of  a  heifer  10  hours  after  bloom  ingestion 
(B).  Vet  preparation  under  coverslip;  X  20. 

Fig  A— Bovine  liver  from  experimental  21.  aeruginosa  toxicosis  shoving 
heptoeellular  dissociation,  degeneration  and  necrosis.  Affected  heptocytes 
are  separated  by  large  nuaibers  of  red  blood  cells.  Mote  disruption  of 
lobular  architecture  vhich  is  moat  severe  in  the  centrilobular  region  (left) 
with  a  lesser  effect  in  the  periportal  area  (right).  Hematoxylin  and  eosin; 

X  20. 

Fig  S—Scanning  electron  photomicrograph  from  a  colony  of  Microcystis 
aeruginosa  cells  (each  cell  is  about  S  u  in  diameter)  from  the  algae  bloom  in 
Monroe;  x  2500,  SEM  by  A.  S.  Oabholkar. 

Fig  O—The  purified  Monroe  blue-green  algae  toxin  has  the  same  retention  time 
and  correlates  veil  vith  previously  isolated  )!•  aeruginosa  hepatotoxins 
AKERTOZ  (A)  and  strain  7820  (B).  Arrov  «  injection  tiM. 
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EFFECTS  ON  MALE  MICE  OF  ONE  OR  TWO  INTRAPERITONEAL  DOSES 
OF  A  HEPATOTOXIN  PRODUCED  BY  MICROCYSTIS  AERUGINOSA 

Randall  A.  Lovell,  OVM.  Val  R.  Beasley.  DVM.  PhD. 
Hayne  N.  Carmichael.  PhD.  Andrew  M.  Oahl^m.  BS 


INTRODUCTION 

Microcystis  aeruginosa,  a  freshwater  cyanobacterium,  produces  a  hepato- 
toxln  which  causes  livestock  and  wildlife  poisonings  In  both  northern  and 
southern  temperate  latitudes  (1.).  Animal  poisonings  often  follow  Ingestion  of 
wind-aided  accumulations  of  toxic  cyanobacterlal  blooms  along  shorelines  of 
ponds  and  lakes  <2).  Strains  of  Microcystis  aeruginosa  produce  a  cyclic  hepta- 
peptlde,  termed  "microcystin,"  which  Is  comprised  of  2  variant  L-amIno  adds. 
3  Invariant  0-am1no  acids,  a  N-methyl  a,  S-dehydroamIno  acid,  and  an  extremely 
nonpolar  20  carbon  6-am1no  add  known  as  ADDA  (3).  The  microcystin  used  In 
this  experiment  was  derived  from  Microcystis  aeruginosa  laboratory  strain  7820 
and  contained  leucine  and  arginine  as  the  2  variant  L-amIno  adds  (3).  Thus. 
"7820  microcystin"  Is  chemically  equivalent  to  cyanoglnosIn-LR  (4).  Although 
the  exact  mechanism  of  the  hepatotoxic  action  of  7820  microcystin  Is  unknown. 
It  has  been  postulated  that  the  hepatotoxin  may  destabilize  the  liver  cyto- 
skeleton  (8.9).  It  has  been  suggested  that  animals  given  this  toxin  die  from 
hemorrhagic  shock  due  to  acute  liver  hemorrhage  (5). 

The  major  purposes  of  this  experiment  were:  (a)  to  establish  a  24-hour  IP 
LOjo.  a  "consistently  lethal"  IP  dose,  and  a  "consistently  sublethal  but  toxic" 


IP  dose  following  a  single  administration  of  "purified"  7820  ralcrocystln;  <b) 
to  assess  whether  a  sublethal  dose  of  7820  mlcrocystln  provides  a  protective 
effect  from  a  subsequent,  "consistently  lethal"  <on  a  single-dose  basis)  IP 
dose  of  7820  ralcrocystln  administered  approximately  48  hours  later;  and  (c)  to 
compare  liver  and  combined  kidney  weights,  survival  time,  clinical  signs,  and 
gross  necropsy  findings  of  control  mice  with  those  of  mice  following  1  or  2 
hepatotoxln  adralnlstratlon(s} . 

MATERIALS  AND  METHODS 

Doses  were  based  on  the  weight  of  the  751  pure  material,  rather  than  on  the 
weight  of  the  toxin  present.  High  doses  of  the  contaminants  present  were  test¬ 
ed  In  our  lab  by  IP  administration  to  mice,  and  did  not  demonstrate  significant 
toxicity. 

The  day  before  dosing  (Day  0),  0.15  ml  of  a  stock  solution  (which  cor¬ 
related  to  75.0  pg  of  7820  ralcrocystln  of  approximately  75X  purity)  was  placed 
In  a  volumetric  flask;  physiologic  saline  was  added  to  total  50  ml.  The  dosing 
solution  was  transferred  Into  a  75  ml  dark  vial,  capped,  and  stored  In  the  re¬ 
frigerator.  Stability  studies  In  our  laboratory  Indicate  that  the  hepatoxin 
does  not  significantly  degrade  for  several  days  under  these  conditions. 

The  study  used  60  male  Balb/C  mice  weighing  20  to  35  g.  After  a  2-week  ac¬ 
climation  period,  each  animal  was  randomly  assigned  to  1  of  the  following  6 
beginning  treatment  regimens:  tap  water  control  or  20,  25,  30,  35,  or  40  pg  of 
7820  mlcrocystln/kg  (n  ■  10  for  each  treatment  g’''up).  Mice  were  weighed  to 
the  nearest  0.01  g  immediately  prior  to  dosing,  "'le  dosing  solution  concentra¬ 
tion  <1.5  pg  7820  mlcrocystln/ml)  was  chosen  so  that  correct  IP  doses  could  be 
delivered  despite  the  small  differences  in  dosage  (5  pg  7820  microcystln/kg) 
between  treatment  groups. 


On  Day  0,  all  60  «lce  were  dosed.  Hlce  that  died  within  24  hours  (In 
treatinent  groups  a,  b,  and  c;  Table  1)  following  a  single  mlcrocystln  admin¬ 
istration  were  necropsled  and  comprised  the  single  dose  lethal  response  group. 
In  addition,  five  randomly  chosen  control  mice  (treatment  group  f;  Table  1) 
were  killed  and  necropsled. 

On  Day  1,  12  mice  were  killed  and  necropsled  to  assess  the  sublethal  ef¬ 
fects  of  7820  mlcrocystln.  These  12  mice  were  randomly  chosen  from  the  6 
beginning  treatment  groups  containing  greater  than  5  survivors.  These  12  mice 
(of  treatment  groups  c,  d,  and  e;  Table  1)  comprised  the  single  dose  sublethal 
response  group.  Five  mice  remained  from  each  of  the  above-mentioned  treatment 
groups  for  the  repeated  exposure  study. 

On  Day  2.  48  hours  after  the  Initial  dosing,  all  remaining  mice  were  re¬ 
dosed  using  the  same  techniques  and  dosing  solutions  used  on  Day  0  to  examine 
the  effects  of  repeated  7820  mlcrocystln  exposures.  The  surviving  hepatotox In- 
treated  mice  were  rewelghed  and  given  40  pg  7820  ralcrocystln/kg.  The  remaining 
5  control  mice  were  rewelghed  and  again  given  tap  water  at  a  volume  equivalent 
to  that  of  the  40  pg  7820  mlcrocystln/kg  dose.  All  mice  that  died  (If  moribund 
mice  were  assessed  as  dead)  within  24  hours  following  repeated  mlcrocystln  ad¬ 
ministration  were  necropsled  and  comprised  the  second  dose  lethal  response 
group  (In  treatment  groups  h.  1,  3,  and  k;  Table  1).  The  5  remaining  control 
mice  (treatment  group  g;  Table  1)  were  killed  and  necropsled. 

On  Day  3,  all  mice  still  alive  32  hours  after  the  second  IP  hepatotoxin 
dosing  were  killed  and  necropsled.  These  3  mice  (treatment  group  1;  Table  1) 
comprised  the  second  dose  sublethal  response  group. 

Monitoring  for  clinical  signs  was  conducted  for  10  hours  after  the  Day  0 
and  Day  2  hepatotoxin  dosings.  At  the  start  of  Day  1  and  Day  3,  clinical  signs 
were  also  recorded  for  the  survivors. 


All  «lct  killed  were  subjected  to  cervical  dislocation.  Necropsies  were 
performed  within  30  minutes  of  death  or  euthanasia.  Liver  and  combined  kidney 
weights  were  obtained.  The  gallbladder  was  considered  part  of  the  liver 
weight;  and  perirenal  fat  was  removed  from  the  kidneys  prior  to  weighing. 
Kidneys,  liver,  heart,  lung,  and  spleen  were  preserved  In  lOX  buffered  forma¬ 
lin  for  histopathologic  examination. 

One  mouse  In  the  35  pg/kg  treatment  group  died  unexpectedly  during  the 
night  of  Day  1.  His  organ  weight  results  are  not  shown  since  more  than  30 
minutes  likely  elapsed  after  death  before  a  necropsy  was  performed.  This  mouse 
was  alive  for  the  24-hour  LOso  calculations. 

STATISTICAL  ANALYSIS 

To  assess  whether  overall  control  observations  could  be  combined,  student's 
t-test  <a  -  .05)  was  used  to  compare  liver  and  combined  kidney  weights  ex¬ 
pressed  as  percentages  of  live  body  weight  (X  BW>  between  the  2  control  groups 
given  1  or  2  IP  tap  water  doses  (treatment  groups  f  and  g;  Table  1).  Covari¬ 
ate  analysis  will  be  used  In  the  evaluation  of  the  data  generated  to  assess  the 
Interactions  between  dose,  survival,  organ  weight,  etc.  Some  of  the  methods 
described  below  represent  preliminary  data  assessment  only.  Student's  t-test 
(a  ■  .05)  was  used  to  compare  survival  times  (following  the  most  recent  hepa- 
totoxln  administration)  of  the  single  dose  lethal  response  group  (combined 
treatment  groups  a,  b,  and  c;  Table  1)  and  the  second  dose  lethal  response 
group  (combined  treatment  groups  h,  1,  j,  and  k,;  Table  1).  A  one-way  analysis 
of  variance  (a  •  .05)  was  used  to  compare  liver  and  combined  kidney  weights  (as 
X  BM)  between  treatment  groups  within  response  groups  (to  compare  treatment 
groups  a,  b,  and  c  wlth.h  the  single  dose  lethal  response  group;  to  compare 
treatment  groups  c,  d,  and  e,  within  the  single  dose  sublethal  response  group; 
•  and  to  compare  ^'eatment  groups  h,  1,  j,  and  k,  within  the  second  dose  lethal 
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rtsponse  group).  A  one-way  analysis  of  variance  (a  -  .05)  and  Duncan's  New 
Multiple  Range  Test  (a  -  .05)  were  used  to  compare  ’’ver  and  combined  kidney 
weights  (as  1  BW)  from  the  5  distinct  response  groups:  (1)  single  dose  lethal, 
(2)  single  dose  sublethal,  (3)  control.  (4)  second  dose  lethal,  and  (5)  second 
dose  sublethal.  The  method  of  Miller  and  Tainter  was  used  to  calculate  the 
LDjo  1  Its  standard  error  (6). 

RESULTS 

Typical  clinical  signs  observed  In  mice  that  ultimately  died  from  the 
effects  of  7820  microcystin  Included  "normal  behavior"  for  at  least  20  minutes 
after  the  most  recent  hepatotoxin  administration  followed  by  reductions  In 
activity  and  responsiveness,  plloerectlon,  pallor  of  ears  and  eyes,  and  sternal 
recumbency  with  Intermittent  attempts  to  rise.  These  were  followed  by  a  mori¬ 
bund  appearance  and  death.  Survival  times  are  shown  In  Table  1.  No  seizures 
or  hyperexcitablllty  were  observed.  No  clinical  effects  (other  than  equivocal 
mild  depression  and  anorexia)  were  noticed  In  any  control  or  sublethal ly  dosed 
mice  during  the  observation  periods. 

Necropsy  Findings 

No  gross  lesions  were  found  In  livers  of  the  control  and  single  dose  sub¬ 
lethal  response  groups.  Multifocal  pinpoint  reddened  areas  were  seen  In  the 
livers  of  the  3  mice  In  the  second  dose  sublethal  response  group.  These  were 
particularly  evident  near  the  margins  of  the  liver  lobes.  Livers  of  the  single 
dose  lethal  and  second  dose  lethal  response  groups  appeared  similar  on  gross 
examination.  The  livers  were  greatly  swollen,  dark,  red  In  color  and  exuded 
blooH  when  cut.  No  significant  lesions  were  detected  In  the  lungs,  kidneys, 
heart,  or  spleen  of  any  mice  on  gross  examination. 


Table  1  Illustrates  the  organ  weight  data  obtained  from  the  11  treatment 
groups  <a  through  k)  and  the  5  distinct  response  groups  observed  In  this  ex¬ 
periment.  There  were  no  statistically  significant  differences  between  the  2 
control  groups  (treatment  groups  f  and  g;  Table  1)  for  liver  (p  -  .068)  and 
combined  kidney  weights  <p  -  .5094)  (as  1  BW).  Thus,  the  10  control  obser¬ 
vations  were  pooled  to  provide  the  best  estimate  for  these  2  parameters.  From 
the  Initial  dosing  portion  of  this  experiment,  we  established  a  24-hour  IP 
LDso  of  32.5  +  1.2  pg  for  the  751  pure  7820  mlcrocystln/kg,  a  24-hour  consist¬ 
ently  lethal  (10  of  10  died)  single  IP  dose  of  40  pg/kg  and  a  24-hour  consist¬ 
ently  sublethal  (0  of  10  died)  single  IP  dose  of  25  pg/kg  for  male  Balb/C  mice. 
Interestingly,  Table  1  Indicates  that  each  response  group  mean  for  liver  weight 
(as  X  BM)  significantly  differed  from  those  of  the  4  other  response  groups  when 
analy2ed  by  the  conservative  Duncan's  New  Multiple  Range  Test  (a  «  .05).  Con¬ 
trol  animals  had  the  lowest  liver  weight  (as  X  BH)  and  mice  that  died  had  the 
highest  liver  weights.  Table  1  also  Indicates  that  combined  kidney  weights  (as 
X  BW)  In  both  the  lethal  response  groups  were  significantly  greater  than  those 
In  the  control  and  sublethal  response  groups.  Combined  kidney  weight  data  for 
the  single  dose  lethal  and  second  dose  lethal  response  groups  as  a  function  of 
survival  time  are  presented  In  Figure  1.  Assessment  of  the  combined  kidney 
weight  data  (as  X  BH))  from  the  10  mice  with  the  shortest  survival  time  (after 
the  most  recent  hepatotoxin  administration)  revealed  that  7  of  them  had  values 
less  than  1.56X  (less  than  2  standard  deviations  above  the  mean  value  for  the 
control  mice).  All  of  the  remaining  24  mice  from  either  lethal  response  group 
had  values  for  combined  kidney  weights  (as  X  BH),  greater  than  1.56X. 


A  "protective  effect"  was  seen  In  3  of  5  mice  which  survived  a  40  pg/kg  IP 
dose  of  7820  mlcrocystln  approximately  48  hours  after  being  given  30  pg  hepa- 
totoxln/kg  IP.  This  40  pg/kg  dose  had  been  consistently  lethal  In  10  of  10 
"virgin  mice."  Also,  mean  survival  time  (In  minutes  after  the  most  recent  he- 
patotoxln  dosing)  of  the  14  mice  comprising  the  second  dose  lethal  response 
group  was  approximately  2.1  times  greater  than  that  of  the  20  mice  In  the 
single  dose  lethal  response  group  (392  vs.  189  minutes),  although  the  dif¬ 
ference  was  not  statistically  significant  (p  «  .1501). 

DISCUSSION 

Although  covariate  analysis  Is  needed,  for  preliminary  use  In  this  report, 
the  data  were  statistically  analyzed  by  response  groups  and  not  by  treatment 
groups  for  the  following  reasons:  (1)  Each  animal  within  a  particular  response 
group  underwent  the  same  pathophysiologic  process  (death  or  survival)  following 
1  or  2  doses  of  hepatotoxin.  (2)  There  were  no  significant  (a  ■  .05)  treatment 
differences  between  treatment  groups  within  a  response  group  for  liver  weight 
(as  X  BW):  single  dose  lethal  response  group,  p  ■  .0735;  single  dose  sublethal 
response,  p  •  .9092;  second  dose  lethal  response  group,  p  -  .9309  when  analyzed 
by  a  one-way  analysis  of  variance.  (3)  There  were  significant  treatment  dif¬ 
ferences  between  treatment  groups  within  a  response  group  for  kidney  weight  (as 
X  BH):  single  dose  lethal  response  group,  p  -  .0047;  single  dose  sublethal 
response  group,  p  -  .3983;  second  dose  lethal  response  group,  p  -  .3353  when 
analyzed  by  a  one-way  analysis  of  variance.  However,  Figure  1  clearly  il¬ 
lustrates  that  the  differences  in  combined  kidney  weights  (as  X  BW)  were  li.ke1y 
associated  with  differences  in  survival  time  between  treatment  groups.  (4) 
There  was  no  apparent  association  between  decreasing  hepatotoxin  dosage  and 
Increasing  survival  time  In  the  mice  of  the  single  dose  lethal  response  group. 


The  Bean  survival  time  of  the  3  mice  that  died  from  a  single  30  ng  hepato- 
toxln/kg  dose  was  actually  less  than  that  of  the  10  mice  dying  from  a  single 
40  pg/kg  7820  mlcrocystln  dose  <107  vs.  132  minutes).  Thus,  for  the  hepato- 
toxln  dosages  used  In  this  experiment.  It  was  felt  that  comparisons  between 
response  groups  and  not  between  treatment  groups  provided  the  most  meaningful 
analysis  of  the  data.  This  Is  likely  to  be  demonstrated  using  covariate 
analysis. 

An  extremely  steep  LDjo  curve  was  evident  In  this  experiment.  A  similar 
dose-response  curve  was  previously  observed  In  sheep  following  Intrarumlnal  he- 
patotoxln  administration  <7).  The  single  consistently  sublethal  IP  dose  In  the 
mice  of  our  experiment  was  76. 9t  (25/32.5)  of  the  LDso-  The  consistently  sub- 
lethal  dose  In  the  above-mentioned  sheep  study  was  greater  than  90X  of  the 
LDjo.  On  a  pg/kg  basis,  7820  mlcrocystln  Is  one  of  the  most  potent  compounds 
known  to  man  (6). 

Liver  weight  <as  1  BH)  Increased  dramatically  In  this  experiment.  The 
single  dose  lethal  response  group  had  an  average  Increase  of  64X  In  liver 
weight  (as  X  BH)  when  compared  to  the  control  group  <8.45X  of  BH  vs.  5.15X  of 
BH).  This  marked  Increase  In  liver  weight  within  hour(s)  following  hepato- 
toxln  administration,  appears  to  be  caused  primarily  by  hemorrhage  and  Is 
likely  to  account  for  death  In  mice  from  hemorrhagic  shock.  The  significant 
Increase  In  liver  weight  (as  X  BH)  for  the  single  dose  sublethal  res'^onse  group 
(x  -  5.59),  when  compared  to  the  control  group  (x  -  5.15X)  (Table  1),  suggests 
the  following:  (a)  The  IP  single  dose  no  effect  level  for  "purified"  7820 
mlcrocystln  Is  likely  less  than  20  pg/kg,  even  though  no  clinical  signs  or 
gross  necropsy  lesions  were  observed  In  the  5  mice  of  treatment  Group  e  (Table 
1);  <b)  the  significantly  higher  liver  weights  of  the  second  dose  lethal  res¬ 
ponse  group  as  compared  to  the  single  dose* lethal  response  group  may  be  due  to 
the  additive  effects  of  the  single  dose  sublethal  response  upon  the  second  dose 
lethal  response. 
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Figure  1  suggests  that  the  longer  a  nouse  lives  (especially  between  70  and 
200  nlnutes)  following  a  lethal  IP  dose  of  hepatotoxin,  the  greater  the  oppor¬ 
tunity  for  an  Increase  In  kidney  weight  (as  X  live  BH).  Since  7  of  the  10  mice 
which  died  In  less  than  120  minutes  (Figure  M  had  "normal"  kidney  weights 
(less  than  1.56X  of  the  live  body  weight),  then  acute  death  caused  by  hepato- 
toxln  administration  Is  not  necessarily  associated  with  an  Increase  In  kidney 
weight  In  mice.  The  tire  course  of  changes  In  organ  weights  and  gross  necropsy 
findings  suggests  that  the  liver  Is  the  primary  target  o-^gan  and  that  the  kid¬ 
neys  are  secondarily  affected  following  adninistratlon  of  7820  nicrocystin.  The 
mechanism  by  which  the  Increase  In  kidney  weight  (as  X  liver  BH)  occurs  Is  in- 
known.  Histologic  examination  of  kidneys,  liver,  and  lung  may  provide  a  better 
understanding  of  the  mechanisms  by  which  these  reported  Increases  In  organ 
weights  occur.  Despite  the  Intuitively  obvious  trend  In  the  data,  the  wide 
variation  In  times  of  death  between  animals  treated  with  the  hepatotoxin, 
caused  simple  linear  and  multiple  regression  analyses  to  fall  to  Identify  a 
statistically  significant  («  -  0.5)  trend  In  the  data  In  Figure  1. 

During  a  preliminary  trial,  a  "protective  effect"  was  seen  In  2  mice  which 
survived  a  30  pg/kg  IP  hepatotoxin  dose  and  3  days  later  survived  a  35  pg/kg 
or  40  pg/kg  IP  dose.  In  this  experiment  we  again  observed  a  "protective 
effect"  In  3  of  5  mice  which  survived  a  30  pg/kg  IP  hepatotoxin  dose  and  2 
Jays  later  survived  a  40  pg/kg  dose.  Similarly,  survival  of  toxin  LR-lnjected 
mice  was  Improved  when  supen  yosed  on  carbon  tetrachloride-induced  sublethal 
hepatic  damage. (10)  However,  In  the  present  study,  3  treatment  groups  which 
survived  the  first  IP  hepatotoxin  dosing  (Day  0)  did  not  have  any  mice  that 
exhibited  protection  from  the  subsequent  (40  pg/kg)  7820  microcystin  dose  (see 
treatment  groups  h,  J,  and  k  In  Table  1).  Large  variations  In  survival  time 
coupled  with  relatively  small  numbers  of  observations  per  response  group  may 
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hive  prevented  the  statistical  recognition  of  an  Increase  In  survival  time  for 
the  second  dose  lethal  response  group  when  compared  to  that  of  the  single  dose 
lethal  response  group.  In  single-dosed  mice,  10  of  10  died  after  a  40  ;ig  7820 
Blcrocystln/kg  dose.  In  contrast  (counting  preliminary  and  formal  study)  4  of 
18  Bice  "pretreated"  with  7820  mlcrocystln  survived  a  subsequent  40  pg/kg  dose. 
Fron  the  Halted  numbers  In  the  repeated  exposure  portions  of  these  experi¬ 
ments.  It  is  suggested  that  a  minimal  "protective  effect"  from  a  "consistently 
lethal"  dose  of  7820  mlcrocystln  Is  likely  to  occur  only  In  mice  surviving  a 
high  (approximately  90X  of  L0so>  sublethal  dose  of  hepatotoxin  given  48  hours 
earlier.  Oeoxychol ate ,  cholate,  bromosulphophthaleln  and  rifampicin  given 
prior  to  hepatotoxin  (mlcrocystln)  administration  were  found  to  prevent  hepa- 
tocyte  deformation  In  a  dose-dependent  manner  (1J,),  which  suggested  that  a 
bile  acid  carrier  was  likely  to  be  active  In  mlcrocystln  entry  Into  hepato- 
cytes.  OaBage  to  the  bile  acid  active  transport  carrier  system  from  the  first 
hepatotoxin  dose  Is  therefore  a  possible  mechanism  for  the  "protective  effect" 
observed  In  the  present  study. 

In  conclusion,  following  a  single  IP  7820  mlcrocystln  dose  In  mice,  there 
Is  an  extreme  dichotomy  of  values  for  liver  weights  (as  X  BH).  If  mice  survive 
a  single  hepatotoxin  dose,  liver  weights  ranged  from  4.82  to  6.04X  of  live  body 
weight.  However,  If  mice  died  following  a  single  hepatotoxin  dose,  liver 
weights  ranged  from  7.84  to  9.16X  of  live  body  weight.  This  dichotomy  In  liver 
weights,  an  extremely  steep  LDso  curve  and  no  definitive  trend  for  Increasing 
survival  time  with  decreasing  dose  of  hepatotoxin  suggests  a  tendency  toward 
an  all  or  none  type  response. 
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TABLE  1 


IP  Dose  of 
70X  pure 
Hepatotoxin 
Treatment  uo/lco 

Group  __  Day  0  Day  2 

No.  Died 
After  Most 
Recent 

IP  Dose 

No.  Killed 
After  Most 
Recent 

IP  Oose 

Mean  Survival 
Time  +  SD 
fMlnutesl 

Mean  Live'' 
Weight  as 
%  Live  Body 
weight  t  SO 

Mean  Kidney 
Weight  as 

X  Live  Body 
Weight  +  SU 

A  40  ~ 

B  35  -- 

C  30  — 

Combined  Group  Response 

Single 

10 

7 

J. 

20 

Dose  Lethal 

Response  Group 

131  +  32 
308  *  160 
107  +  8 

189  +  129 

1 

8.66  ¥  .44 

8.26  ¥  .21 

8.24  t  .33 

8.45  +  .40  D** 

1.80  +  .15 

1.67  +  .17 

1.70  ¥  .20  8** 

Single  Dose  Sub  lethal  Response  Group 

C 

30  — 

2 

*1554  +  105 

5.40  +  .14 

1.32  +  .10 

0 

25  — 

— 

5 

*1572  +  49 

5.62  +  .25 

1.36  +  .13 

E 

20  ~ 

_5 

*1601  +  SO 

5.59  +  .48 

1.46  +  .15 

Combined  Group  Response 

12 

1581  ±  56 

5.59  ±  .33  8 

1.40  +  .15  A 

Control 

Group 

F 

0  ~ 

5 

*270  ♦  80 

5.31  +  .30 

1.34  +  .14 

6 

0  0 

*342  ±  9 

4.99  +  .17 

1.39  +  .04 

Combined 

Group  Response 

10 

306  t  66 

5.15  ±  .28  A 

1.36  ±  .10  A 

Second 

Oose  Lethal 

Response  Group 

H 

35  40 

2 

227  +  206 

9.01  +  .96 

1.46  +  .36 

I 

30  40 

2 

— 

839  ¥  965 

8.93  +  .40 

1.70  +  .13 

J 

25  40 

5 

— 

529  +  558 

8.95  +  .71 

1.83  +  .15 

K 

20  40 

— 

142  ±  58 

8.74  ^  .39 

1.74  ±  .26 

Combined  Group  Response 

14 

392  ±  488 

8.88  ¥  .54  L 

1.72  +  .24  8 

Second  Oose  .Sublethal  Response  Group 

1 

30  40 

— 

3 

*1934  t  b 

6.67  ±  .29  C 

1.33  +  .06  A 

*  •  Killed  by  cervical 

dislocation 

*•  -  Heans  with  different  letters  were  significantly  different  (&  ■  0.05). 
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Survival  Time  (minutes) 

— . . -  Two  standard  deviations  above  mean  kidn^  weight  of  controls 

- Tap  water  control  response  group  mean  kidney  weight 
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INTRODUCTION 

In  all  ureotelic  organisas,  arginas'e  is  an  iaportant  hepatic  enzyme  that 
catalyses  the  hydrolysis  of  the  guanidino  group  of  arginine  to  generate 
ornithine  and  liberate  urea  as  an  end  product  of  nitrogen  aetabolisa  (1,2). 

The  arginase  catalyzed  reaction  is  also  the  first  in  a  series  of  resctions  by 
which  soae  aicroorganisas  aobilize  arginine  as  a  nitrogen  source(2). 

Manganese  foras  tight  coaplezes  with  arginase,  provides  stability  and 
functions  in  the  catalytic  center (2).  Ornithine  and  lysine  are  potent 
coapetitive  inhibitors  of  the  reaction  of  arginine  with  arginaae(l).  In  the 
rabbit  liver,  arginase  has  a  aolecular  weight  of  110,000  and  is  located  in  the 
eytosolO).  The  half-life  of  arginase  in  the  rat  liver  is  around  96 
bours(l,2). 

Regulation  of  liver  arginase  can  involve  a  change  in  either  synthesis  or 
degradation.  Liver  arginase  activities  increase  in  starved  or  glucocorticoid 
dosed  animals  doe  to  reduced  degradation  of  the  enzyme.  Provision  of  a  diet 
rich  in  protein  ia  aasoeiated  with  increased  synthesis  of  arginase(l). 
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Although  argiaase  has  baan  ahovn  to  ha  alaoit  exclusively  liver  specific 
ia  the  ox,  sheep,  horse,  rat  aad  dog(3),  ao  quantification  of  arginase 
activities  of  various  body  tissues  and  fluids  could  be  found  for  svine. 
MATERIALS  AKD  METHODS 

a.  Ani«>sl  Snacistens 

The  tissues  of  six  aarkat  veight  (i7S»220  lbs.)  Yorkshire  and 
Yorkshire  cross  gilts  ware  kindly  donated  to  us.  Four  of  the  six 
gilts(2,3,4,6)  had  been  spleenectoaixed  aad  all  six  had  been  used  earlier 
in  various  research  trials.  The  gilts  vere  fed  a  com/ soybean  based 
diet.  Before  qualifying  for  use  in  the  arginase  study  each  gilt  vas 
required  to:  a)  live  nore  than  100  days  and  gain  more  than  125  lbs.  after 
temination  of  their  involvement  in  other  trials  b)  be  judged  as 
clinically  healthy  iammdiately  prior  to  the  present  study  and  e)  bear  no 
gross  lesions  observed  during  tissue  collection.  Inmediately  before 
euthanasia  a  blood  sample  vas  collected  from  the  jugular  vein,  placed  on 
ice,. and  alloved  to  clot.  Serum  vas  harvested  folloving  centrifugation 
at  5000  X  g  for  10  minutes  at  4°C. 

All  gilts  vere  killed  by  eaptive**bolt  stunning  folloved  immediately 
by  exsanguination*  Within  40  minutes  of  death  of  each  gilt,  the 
folloving  tissues  had  been  placed  on  ice  ia  tightly  closed  plastic  bags: 
liver,  kidneys,  adrenals,  pancreas,  long,  jejunal  mucosa,  heart  (R&L 
ventricles),  brain  (cerebrum  and  cerebellum),  salivary  glands  (parotid 
and/or  maxillary) ,  spleen  (gilts  1(5  only) ,  diaphragm  (gilt  2  only)  and 
quadriceps  nnscla.  The  tissues  from  gilt  6  vere  divided  into  tvo  groups, 
"fresh"  and  "frosen". 

b.  Tissue  Frocessinx  and  Analysis 

Folloving  completion  of  tissue  collection,  all  tissues  from  gilts  1 
through  5  and  the  "frosen"  tissues  from  gilt  6  vere  chopped  into  small 
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SMlad  in  plnstic  bags  and  stored  at  -12®C.  Tha  "freah" 
tisanaa  froai  gilt  6  vara  than  chopped  into  anall  piecea^  rapidly  froxen 
in  liquid  nitrogen  and  then  blended  into  a  fine  homogenous  powder  using  a 
tiaaua  blander.  This  "fresh"  tissue  powder  (gilt  6  only)  was  held  on  ice 
in  a  sealed  plastic  bag  for  same  day  analysis.  Within  two  days  of  tissue 
collactiont  the  froxen  tissues  from  gilts  1  through  6  were  placed  in 
liquid  nitrogen  and  blended  into  a  fine  homogenous  powder.  Tha  powdered 
tissues  ware  sealed  in  plastic  bags  and  returned  to  the  “12®C  freexer 
for  storage.  For  all  gilts,  serum,  quadriceps,  diaphragm,  spleen  and 
salivary  gland  samples  were  analysed  for  arginase  activity  12  days  after 
tiaaua  collection;  adrenal,  brain,  lung  and  heart  were  analysed  on  day  13 
mwtA  kidney,  liver,  pancreas  and  jejunal  mucosa  were  analysed  on  day  14. 

On  the  day  of  arginase  analysis  one  gram  of  the  froxen  tissue  powder 
was  weighed  into  a  tissue  pulveriser.  Wine  ml  of  physiologic  saline  was 
added  to  the  tissue  to  aid  in  its  disruption  by  manual  force  using  a 
glass  rod.  After  complete  disruption  of  visible  tissue  structure,  the 
tissue  homogenate  was  poured  into  a  test  tube.  The  tissue  homogenate  was 
centrifuged  at  4^C  for  10  minutes  at  500  z  g,  for  removal  of 
•rythrocytas,  nuclei,  connective  tissue  and  residual  intact  cells(4). 

For  all  tissues,  except  liver,  kidney  and  pancreas,  20  ul  of  this  tissue 
homogenate  supernatant  was  used  in  the  arginase  analysis.  For  kidney  and 
pancraaa  a  10:1  and  for  liver  a  50:1  dilution  of  the  supernatant  with 
saline  was  required  to  obtain  activity  in  the  range  of  our  standards, 
leagents  were  prepared  and  the  assay  performed  according  to  tha 
method  of  Mia  ft  Koger(5). 
c.  Computation  of  Activity 

fimple  linear  regression  analysis  of  the  five  standard  curves  run 
during  days  12,  13  ft  14  of  this  study  provided  five  estimates  of  the 
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slop*  and  7  intercept* 

To  convert  eeen  absorbence  into  XU/g  for  each  specimen,  the 
following  determinations  and  formulae  were  used: 


Mean  absorbence  -  the  average  of  each  sample  run  in  triplicate  and 
averaged  over  duplicate  blanks. 

A  mean  7  intercept  of  .0198  was  calculated  from  the  five  standard  curves 


1  m  mole  /  L 

_ _ ■  slope  of  the  calibration  curve  which  was  calculated 

.190  absorbence  units  from  the  five  standard  curves 

50  ID  /  L 

___________  ■  conversion  factor  of  m  snle  /  L  to  enxyma  units  under 

1  m  mole  /  L  these  test  conditions 

L _  is  a  conversion  factor  to  allow  for  the  amount  of  tissue 

X  grams  of  tissue  anal7sed  and  is  calculated  from  adding  9  mis  of 

ph7siologic  saline  to  one  or  less  grams  of  tissue  so  that 
that  z  •  111.1  for  brain,  heart,  long,  spleen,  diaphragm,  quadriceps,  salivar7 
glands,  adrenal  and  jejunal  ancosa;  z  <■  11.11  grams  tissue  per  liter  for 
kidne7  and  pancreas,  due  to  the  necessar7  10:1  dilution  and  z  ■■  2.22  grams 
tissue  per  liter  for  liver,  doe  to  the  necessar7  50:1  dilution* 

According  to  the  definition  of  international  units  (ID)  for  enzymes,  1  ID 
of  arginase  would  produce  1  o  mole  of  omithine/minute.  Thus  an  ornithine 
standard  of  1  m  mole  /  L  is  equivalent  to  1  m  mole  /  L  Z  1,000  u  mole/  m  aK>le/ 
20  minutes  ■  50  u  mole  per  minute  per  liter  «  50  ID  /  L  of  serum  under  the 
test  conditionsCS) . 


Therefore,  [mean  absorbence  -  7  intercept!  Z 


1  a  mole  /  L 


.190  absorbence  units 


50  ID  /  L  L 

Z  _  Z  _ 

1  a  mole  /  L  z  grsms  of  tissue 


ID  /  g 


To  convert  mean  absorbence  into  ID  /  L  for  each  sena  sample,  the  following 
formulae  were  used: 


[mean  absorbence  -  7  intercept!  z 


1  m  sole  /  L 


50  ID  /  L 


.190  absorbence  units  1  m  mole  /  L 


-  ID/L 
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Th«  arginat*  calibration  eurva  prepared  with  ornithine  standards  vas 
calculated  to  have  a  slope  of  >190  ±  .0146  absorbence  units  per  a  mole  per 
liter  and  a  y  intercept  of  .020  ±  .031  absorbence  units.  All  five  standard 
curves  had  a  correlation  coefficient  of  greater  than  .996. 

The  aaan,  standard  deviation  (SD)  and  range  of  the  arginase  activity  in 
twelve  tissues  (lU/g)  and  serua  (ITJ/L)  from  the  six  gilts  are  presented  in 
Table  1 . 


Table  1 

Tissue  Kean  *  SD  (lU/g)  Range  (lU/g)  n 


Liver 

30.64  *  22.95 

12.33 

67.47 

6 

Pancreas 

4.89  *  2.00 

2.34 

- 

8.33 

6 

Kidney 

2.91  *  1.42 

1.01 

- 

5.22 

6 

Salivary  Gland 

.44  *  .28 

0.07 

- 

0.88 

6 

Jejunal  Hucosa 

.42  *  .14 

0.21 

- 

0.57 

6 

<)uadricepa 

,077  ♦  ,080 

-0.05 

- 

0.17 

5 

Lung 

.037  ♦  ,107 

-0.04 

«a 

0.24 

6 

Brain 

.004  ♦  .015 

-0.01 

- 

0.03 

6 

Adrenal 

.003  ±  .068 

-0.07 

- 

0.10 

6 

Spleen 

.002  •«>  .067 

-0.05 

- 

0.05 

2 

Heart 

-  .007  ♦  .023 

-0.03 

- 

0.03 

6 

Diaphragw 

.026 

1 

Serua 

-  .10  +  6.35* 

-9.76 

- 

5.24* 

6 

*  -  la/L 


nsmnm 

Mo  data  is  presented  froa  the  Day  1  analysis  of  the  "fresh"  tissues  of 
gilt  6  for  the  following  reasons:  (a)  this  was  the  first  tine  the  assay  was 
in  our  laboratory  for  pigs;  (b)  the  correlation  coefficient  of  the 
standard  curve  was  less  than  our  acceptance  liait  (.985);  (c)  the  liver « 
pancreas  and  kidney  absorbence  readings  were  greater  than  the  highest 
absorbence  reading  on  the  standard  curve;  (d)  the  difference  between 
abeorbence  of  the  reagent  blanks  was  21/2  times  greater  than  our  acceptance 
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Halt  (.016).  Thia  "practie*  nw*  navcrthelasa  proved  ioveloablc,  since  ve 
learned  the  intricacies  of  the  asthod  and  which  tissues  would  need  to  be 
diluted  and  by  roughly  what  saount  for  the  analyses  on  Days  12,  13  and  14. 

The  twelve  tissues  collacted  froa  the  6  pigs  in  this  study  contained 
arginase  activity  in  the  following  descending  order:  liver  »  pancreas  > 
kidney  »  salivary  gland  ■  jejunua  »  quadriceps,  lung,  diaphragm,  brain, 
adrenal,  spleen  and  heart. 

Gilt  6  waa  the  only  aniaal  in  this  study  with  wore  arginase  activity  per 
graa  of  kidney  than  per  grsa  of  pancreas  and  the  only  gilt  with  significant  (> 
.06  ID  /  g)  arginase  activity  in  lung  tissue.  These  results  were  present  in 
both  the  fresh  (Day  1)  and  froxen  (Days  13  and  14)  tissue  analysis  of  Gilt  #6. 
Troa  Table  1  it  is  evident  that  only  the  liver,  kidney  and  pancreas  contain 
appreciable  amounts  of  arginase.  The  liver  contains  approximately  6  times 
more  arginase  activity  per  gram  of  wet  weight  tissue  then  the  pancreas  and 
approximately  10  times  more  than  the  kidney.  The  salivary  glands  and  jejunal 
rnuensa  contain  minimal  amounts  of  arginase  activity.  The  large  variation  seen 
in  salivary  glands  could  be  due  to  differences  between  maxillary  and  parotid 
glands  as  we  collected  parts  of  both  during  tissue  collection.  The  quadriceps 
probably  contains  a  very  minute  amount  of  arginase  activity  since  4  of  the  5 
samples  had  a  mean  activity  of  between  .062  and  .17  lU/g  while  the  fifth 
sample  showed  a  negative  mean  activity.  The  serum,  brain  (cerebrum  and 
cerebellum),  adrenal  and  heart  (R&L  ventricles)  contained  inconsequential 
amounts  of  arginase  activity  in  the  swine  of  this  study.  Why  the  lung  tissue 
of  gilt  6  waa  the  only  one  to  show  significant  arginase  activity  is  unknown. 
The  activity  observed  was,  however,  only  a  very  small  percentage  of  that  found 
in  the  liver,  kidney  and  pancreas.  From  the  very  limited  sample  size  it 
appears. that  the  spleen  and  diaphragm  also  contain  negligible  amounts  of 
arginase  activity. 
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Argliut*  activity  appears  to  be  «uch  lower  in  swine  liver  (30.64  lU/g)  in 
conparison  to  the  five  species  (dog*  rat,  horse,  ox  and  sheep)  in  which  its 
activity  has  been  reported.  In  Boyd's  review  (3),  liver  arginase  activity 
ranged  from  110.0  ID/g  in  sheep  to  445.0  ID/g  in  the  dog.  Despite  this  lower 
activity,  the  results  of  this  study  indicate  that  arginase  activity  in  swine 
could  easily  be  called  "liver  specific."  Although  renal  and/or  pancreatic 
damage  could  contribute  to  or  cause  a  moderate  elevation  in  senna  arginase 
activity  in  swine,  liver  damage  is  by  far  the  most  likely  source  of  elevated 
arginase  activity  in  swine,  especially  if  one  takes  organ  weights  into 
account. 
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Svapacted  poiaonint  by  fraafawatar  algaa  «aa  raportatf  orar  a  century 

aso.^  Llvaatock  and  wildlife  daatha  due  to  eonsoaiption  of  toxic  blue-sraen 

algal  blooa  are  aoat  fpe^uantly  reportad  in  oortham  and  aootham  taaperata 
•  •  . 

2 

aonaa.  Of  the  algae  reported  to  produce  toxte  effaeta,  HicrocTStia 
aemainoaa  ia  probably  the  auat  frequent  offender.^ 

The  attjor  goala  of  the  firat  year  of  thia  acudy  uera  a)  to  gather 
preliniaary  phyaiologic,  pathologic,  clinical  pathologic  and  toxicologic 
information  in  awine  following  intrawenoua  adminiatratioa  of  purified  7820 
microcyatin,  b)  to  become  proficient  ia  placing  cathatara  ia  the  left  atrium, 
pulmonary  artery,  aorta  and  inferior  wena  cawa  ia  aaeatbatixed  gilta,  c)  to 
purcbaae  and  learn  the  intricaciea  of  operating  a  atate-'Of->the->art  blood  gaa 
and  electrolyte  machine  and  a  cardioraacular  aaalyxar  unit,  and  d)  to  develop 
teehniquea  whereby  the  temperature  pulse  decay  probe  syatam  can  be  aafely 
utilised  ia  uaaneathetised  animals. 


Two  littcxute  gilts  v«rs  <iosed  with  hepstoCoxin  to  gather  initial 
<lo»«-response  and  pathophysiologic  inforaation.  One  gilt  was  dosed  orally 
with  whole  algal  cells  and  another  was  dosed  intravenously  with  "purified" 

7820  nicrocystin. 

Four  gilts  have  been  utilized  in  the  teaperature  pulse  decay  (TFD)  probe 
research.  While  under  anesthesia,  two  gilts  were  iaplanted  with  TFD  probes  in 
the  liver  and  kidney;  and  blood  flow  vas  aooitored  before  and  after 
hepatotoxin  administration.  Two  gilts  were  involved  in  developing  techniques 
aixMd  toward  using  the  TFD  probes  in  awake  animals. 

Experiments  were  conducted  on  11  healthy  gilts  (Table  1)  weighing  24.0  to 
SS.5  kg  in  order  to  evaluate  hemodynamic  and  blood  chemistry  alterations 
induced  by  7820  microeystin.  Blood  gas,  serum  chemistry  and  complete  blood 
count  (CBC)  parameters  were  measured  and  clinical  signs  observed  in  each  gilt. 
Hemodynamic  measurements  included  aortic  systolic,  diastolic  and  mean 
pressures;  left  atrial,  pulannary  artery  and  jugular  vein  mean  pressures  and 
cardiac  output.  Konitoring  of  heart  rate  and  ECG  vas  also  conducted. 

g 

Sixteen  and  eighteen  gauge  Tygon  catheters  for  hemodynamic  monitoring 

were  surgically  implanted  in  these  11  gilts  while  under  hulothane  anesthesia 

4  5 

using  methods  previously  described.  *  Before  qualifying  for  hepatotoxin 
dosing,  these  11  gilts  were  required  to  be  at  least  two  weeks  post-thoracic 
surgery,  6  kg  heavier,  and  healthy  on  physical  examination.  On  the  day  of 
dosing,  all  gilts  had  their  subcutaneously  buried  catheters  exteriorized 
following  local  infiltration  of  2Z  lidocaine.  At  least  21/2  hours  elapsed 
between  the  lidocaine  injections  and  iv  hepatotoxin  administration.  Fifteen 
to  eighteen  ml  of  a  7820  microcystin-ethanol-physiologic  saline  solution  vas 

e 

injected  into  the  pulmonary  artery  over  a  40-90  second  period. 
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la  th«  TFD  probe  study  using  snesthstixed  gilts,  liver  perfusion  rapidly 
declined  approxiaately  10  minutes  after  toxin  administration  and  approximately 
10  minutes  prior  to  an  abrupt  fall  in  arterial  blood  pressure.  In  contrast, 
local  kidney  perfusion  appesred  to  be  directly  correlated  with  changes  in 
arterial  blood  pressure. 

Striking  hypoglycemia,  life-threatening  hyperkalemia  and  markedly 
elevated  phosphorus  concentrations  were  revealed  by  analysis  of  serum  samples 
collected  at  the  time  of  death  in  the  seven  eatheterized  gilts  which  died 
folloving  hepatotoxin  administration.  Elevated  serum  bile  acid  concentrations 
appear  to  be  the  first  indicator  of  liver  damage.  Elevations  in  creatinine 
phosphokinase ,  aapartate  amino  transferase  (SCOT),  arginaae  and  total 
bilirubin  concentrations  consistently  followed  the  rise  in  bile  acids.  Table 
2,  from  gilt  f  1583,  typifies  above  stentioned  increases/decreases  in  parameter 
values.  A  alight  decrease  in  platelet  numbers  was  observed  in  gilts  1261  and 
1560. 

Although  the  time  course  and  degree  of  changes  in  blood-gas  parameters 
varied,  the  direction  of  change  was  consistent  in  the  seven  eatheterized  gilta 
that  died  following  7820  microcystin  administration.  Arterial  blood  pH, 

PaCOj,  base  excess,  -HCO^,  and  total  CO2  decreased  in  a  manner  highly 
suggestive  of  metabolic  acidosis*  Body  temperature  and  Fa02  levels  appear 
to  increase  with  time  after  dosing. 

Every  eatheterized  gilt  which  died  following  hepatotoxin  administration 
developed  marked  hyperpnea,  lethargy,  cool  extremities,  cyanotic  mucous 
membranes  and  apparent  abdominal  pain  with  multiple  vomiting/ retching  episodes 
often  preceded  by  bruxism  (teeth  grinding). 
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Thm  tMultt  of  changoa  in  haBodyaaaie  paraaetara  will  hopefully  be 
preaented  in  our  next  quarterly  report.  An  "artificial  apike”  haa  led  to  a 
coaplate  reevaltiation  of  preeioualy  reported  aortic  ayatolic  and  pulae 
preaaurea.  Va  believe  further  review  of  thia  preliainary  henodynaaic  data  ia 
needed  before  preaenting  an  interpretation. 

Deapite  ainor  difficultiea  (reault  intarpretationa,  recovery  froa  aurgery 
and  learning  to  uae  new  equipaant)  auch  haa  been  accoapliahed  in  the  firat 
year  of  thia  project.  Froa  theae  preliminary  gilta  we  have  a  very  good  idea 
of  the  conaiatently  lethal  and  conaiatently  toxic  anblethal  iv  doae  of 
purified  7820  aicrocyatin  which  will  be  uaed  in  our  formal  atudy.  We  believe 
that  the  liver  ia  the  priaaryy  target  organ  of  7820  aicrocyatin  and  that  piga 
die  froa  a  coaibined  effect  of  heaorrhagic  ahock  following  pronounced 
centrilobular  hepatic  hcaorrhage,  hypoglyceaia^  and  hyperkalemia.  We  now  have 
an  adequate  aupply  of  >  9SZ  pure  2780  naicrocyatin,  have  worked  out  aeveral 
probleaa  in  aurgical  techniquea  and  have  purchaaed  atate-of-the^art 
coaputerized  equipawnt.  Finally,  we  believe  that  SFF  gilta  will  provide  a 
highly  aatiafactory  aodel  for  atudying  the  effecta  of  a  purified  toxin 
produced  by  the  blue-^een  alga,  Microevatia  aeruginosa. 
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table  1 


Pia  # 

Dotage  of 

Bepatotoxia 

(oa/ks) 

Z  Purity 
Heoatotoxin 

Survival 

TiM 

(loinutet) 

Weight 

(kv) 

863 

492 

75 

47 

29.8 

807 

64 

75 

*1240 

30.7 

874 

128 

75 

257 

43.2 

1061 

96 

75 

195 

30.0 

1032 

64 

75 

1046 

31.1 

1193 

0 

H4 

*1600 

28.6 

1261 

64 

75 

510 

55.5 

1560 

32 

>95 

243 

28.75 

1583 

24 

>95 

325 

24.0 

1662 

16 

>95 

*1600 

24.75 

1672 

16 

>95 

*1600 

24.5 

^Killed  by  alectrocution 


-  158  - 
Table  2 


Tiae 

Bile  4cid« 

(tt/1) 

CPt 

(u/1) 

Arginaae 

(lO/l) 

Total  Bilirubin 
(ag/dl) 

SCOT 

(u/1) 

Trtdoc* 

4.8 

627 

0 

0.2 

47 

30  aia. 

9.3 

615 

1 

0.2 

45 

60  ain. 

6.2 

537 

1 

0.3 

47 

120  ais. 

55.8 

649 

8 

0.5 

68 

240  ain. 

60.7 

1164 

460 

0.6 

451 

325  ain. 
(texa) 

110.0 

3100 

1432 

■  1.1 

2090 

Tiaa 

Gluoosa 

(ag/dl) 

PotaaaiuB 

(■•q/1) 

Fhoapborus 

(ag/dl) 

Fradoaa 

89 

4.0 

8.3 

30  ain. 

108 

3.3 

8.0 

60  ain. 

135 

3.4 

8.0 

120  ain. 

83 

4.2 

8.5 

240  Bin. 

49 

4.8 

9.4 

325  aia 
(term) 


5 


9.1 


13.5 
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HI  imcTS  or  7820  mxcioctstzx,  a  craxc  HPTAnniSB  toxu 
ItOf  MICK0CTSTI3  AgRTCHOSA.  XI  THl  UT 


8t«ph«a  B.  Boomt,  V«iid«  H«schck-Hock.  Tal  I.  Beasley 


Xatrodoction 


Materiala  sad  Methods 

1.  Aaiaslt 

2.  J^sthologie  exsaiaatioa 

3.  Aeats  toxicity  sad  deteninstioa  for  aicroeystia  ia  rats 

A.  Seqoeatisl  aorphologic  sod  senm  chesiistry  slteratioas  ia  asls  rats 
.  3.  Acuta  toxicology  sad  sequeatisl  morphologic  slteratioas  ia  aice  dosed 

vith  7820  aicroeystia 
6.  Statistical  saslysis 


Essalts 

1.  Acute  toxicity  of  and  Xd>cg  deteraiastioa  for  7820  aicroeystia  ia 

rats 

2*  Sequeatisl  aorphologie  sad  serua  eheaistry  slteratioas  ia  asle  rats 
edaiaistered  7820  aicroeystia 
3*  SexuB  eheaistry  slteratioas 

A*  Sequeatisl  aorphologie  slteratioas  ia  aiee  dosed  vith  7820 
aicroeystia 


Diseussioa 

mMmgjgg. 

The  hepstotoxicity  of  the  eyelie  heptspeptide  produced  by  the  blu»->greeo 

slgst  MicrocYStis  seruxiooss  has  beea  docuaented  froa  field  cases  iavolviag 

sheep  aad  cattle,  has  beea  iaplicated  ia  huaaa  toxicoses  following  growth  ia 

reserroirs,  and  has  beea  experiaentally  reproduced  by  dosing  sheep,  aice,  and 
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rats  vith  whole  cells  or  crude  cell  extracts.  However,  the  pathogenesis 
aad  exact  aechsnisa  of  action  are  not  known.  It  has  been  hypothesized  that 
liver  daaage,  which  begins  ceatrilobulsrly  and  progresses  periportally,  aay  be 
doe  to  venous  hypertension  caused  by  aassive  polaonary  eabolisa^  or  due  to  a 
direct  hepatotoxic  effect.  Death  is  postulated  to  be  caused  by  hypovoleaic 
shock  associated  vith  hepatic  necrosis  and  beaorrhage  or  due  to  pulmonary 
eabolisa  aad  subsequent  venous  hypertension,  reduced  cardiac  output,  and 
circulatory  collapse. 
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for  oar  itodioo,  rots  «a4  aico  ««ro  eboMn  ••  toot  oniaolo  boconoo  of 
thoir  oaifoxmity  oad  thoir  eoavoaioot  also  and  coat.  Alao,  thoir  noraal 
ralnoa  ovor  a  vido  range  of  pocaMtora  and  thoir  reaponaoa  to  a  vide  variety 
of  aubatancea  have  been  eatabliahed,  allowing  coapariaon  to  the  effecta  of  the 
toxin  being  atudied.  In  addition,  aanj  in  vitro  procedurea  otilixing  rat 
hepatoeytea  in  cell  enltore  and  anapenaion  have  been  developed  which  will  be 
otllisod  in  the  coorae  of  fntnxo  experiaenta. 

Xa  the  preaent  atudy,  wo  characterixed  the  acute  toxicity  of  the  purified 
heptapeptide  hepatotoxin,  aicrocyatin,  produced  by  the  laboratory  atrain  7820 
of  Microevatia  aeruainoaa  with  reapect  to  clinical  aigna  and  aorphologic 
changea.  Ha  cowpared  the  toxicity  of  purified  hepatotoxin;  (a)  in  aiale  and 
feaale  rata;  (b)  at  lethal  and  aupralethal  doaea;  and  (c)  in  nice  and  rata. 

In  addition,  we  characterixed  the  aequential  Morphologic  and  clinical 
pathologic  changea  occurring  in  Bale  rata  with  the  hepatotoxin  wt  the  loweat 
doae  found  to  produce  lOOS  lethality  (160  ug/kg). 


WATffil/fta  OP  WffQW 

1. 


Male  and  fenale,  virua-free,  175  to  200  g  Sprague  Dawley  rata  were 
obtained  frow  Harlan  Sprague  Dawley,  Inc.  (Indianapolia,  IN)  and  allowed 
to  aeeliaate  for  two  weeka  or  longer  before  uae.  Adult,  feaiale,  Balb/C, 
mice,  raiaed  in  our  own  colony,  were  alao  uaed.  Aniaala  bad  free  acceaa 
to  a  cowBercial  lab  chow  and  water,  and  were  waintained  oii  a  12-hour 
light-dark  cycle. 

tata  and  nice  were  randonly  aaaigned  to  the  varioua  doae  groupa 
ixBadiately  before  doaing  and  given  free  acceaa  to  water  until 
temination  of  the  atudy. 


Aaiaals  dying  spontaiMOttsly  or  killed  following  txutaont  wore 
innedintoly  nocropsiod.  Anianla  w«r«  anesthetised  with  other  end  killed 
by  eseengoinetion.  The  liTer.  kidneys  (with  edrenels),  end  spleen  were 
weighed.  Longa  were  fixed  by  intretrseheel  instil lotion  of  IQZ  neutrol 
boffered  fomelin.  Sections  of  liver,  lung,  kidney,  spleen,  end  tbywos 
fron  ell  eniaals  ea  well  ee  brein.  heart,  edrenel  gland,  saall  end  large 
intestine,  pancreas,  wrinary  bladder,  skeletal  snscle.  and  eyes  of  rats 
froa  the  acute  toxicity  study  were  fixed  by  insarsion  in  lOZ  neutral 
buffered  foraalin.  The  tissues  were  then  processed  routinely,  eaibedded 
in  paraffin,  cut  at  4  to  6  on.  stained  with  haaatoxylin  and  eosin  and 
exaadned  by  light  wicroscopy. 


All  eniaals  ware  weighed  inastdiately  prior  to  use.  7820  Mierocystin 
froa  strain  7820  of  Microcystis  itr^gjafftS.  of  approxiaately  95X  purity, 
was  provided  by  Dr.  Vayna  Cazaichael  of  Vright  State  University.  Mala 
rats  were  given  an  intraperitoneal  injection  of  7820  nicrocystin. 
dissolved  in  0.9Z  laCl  at  the  following  doses  (nuaber  of  rats  in 
parentheses);  20  (3).  40  (3).  80  (3).  120  (3).  160  (  8).  ISO  (3).  200  (3). 
240  (2).  and  400  ug/kg  (3).  The  actual  voluaas  of  toxin  and  saline 
adainistered  ranged  froa  0.1  to  1.0  al.  Aniaals  were  then  observed  for 
clinical  signs  of  toxicosis  for  at  least  24  hours.  Siailarly.  female 
rats  (three  per  group)  were  given  an  ip  injection  of  7820  ndcrocystin  at 
0.  40.  80.  120.  or  160  ug/kg.  Aniaals  dying  spontaneously  were 
iaaediately  nacropsied.  The  reaaining  aniaals  were  killed  by  ether 
anesthesia  and  necropsied  five  days  after  treataent.  Male  rats  dosed 
with  20  ug/kg  of  the  toxin  were  killed  and  necropsied  12  days  post  douing 
to  serve  as  rough  controls. 
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1m  ftMltioa,  th«  elimieal  covtm  sad  toad.c  •fftets  of  yrmty  high. 
doM*  of  7820  aicrocyatin  vara  datazaiaad  in  salt  rats,  lats  (thraa  par 
group)  vara  givan  a  siagla  ip  iajaetion  of  7820  at  tha  folloving  dosas: 

0  (2  vl  of  tha  vahicla,  0.9Z  laCl)  400,  800,  or  1200  og/kg.  All  anivals 
vara  naeropsiad  ivvadiataly  aftar  daath,  tha  controls  baing  killed  24 
boors  aftar  salina  adviaistration. 

Saaoaatial  aomholoaie  end  serf  eheaistrr  altaratioas  in  aala  rats 
lats  vara  givam  aa  ip  iajactioa  of  160  og/kg  of  7820  aicrocystin 
dissolrad  in  0.9Z  laCl  aad  killad  and  at  tha  following  times  (number  of 
animals  in  paraathasas):  S  (2),  10  (2),  20  (5),  30  (5),  40  (5),  50  (2), 
aad  60  (7)  alas,  aad  3  (5),  6  (5),  9  (5).  12  (5),  18  (2),  or  24  (2) 
boors.  Control  rats  vara  injected  ip  vith  0.5  ml  of  0.9Z  HaCl  and  killad 
at  60  mins  (3),  and  12  (3)  and  24  (3)  hours.  Blood  samples  were 
eollaetad  by  cardiac  poactora  aad  iamadiataly  placed  in  serum  tubas  or 
tubas  containing  BDTA  as  aa  anticoagulant,  and  put  on  ice.  Clotted  serum 
■pies  vara  cantrifogad  vithia  one  boor,  tha  clot  was  removed,  end  the 
■pies  vara  frosaa  oatil  aaalysad.  Serum  chemistry  cwsluaticn  included: 
crastinina  (mg/dl),  blood  urea  nitrogen  (BOH,  ag/dl),  total  protein 
(T.F.,  gn/dl),  albumin  (gn/dl),  calcium  (mg/dl),  phosphorus  (ag/dl), 
sodium  (nBq/dl),  potassium  (nEq/dl),  chloride  (aBq/dl),  glucose  (ag/dl), 
alkaline  phosphatase  (ALP,  u/L),  alanine  saiaotrsnsfsrases  [(ALT)*sarua 
glotsmic-pyruvie  transaminase  (SOFT))  (u/L),  gsaas  glutamyl  transferase 
(GCT,  u/L),  total  bilirobin  (ag/dl),  albumin  to  globulin  ration  (A/G)  and 
sodium  to  potassium  ratio. 

Acute  toxicolorr  aad  saouential  momholoric  altaratigni  ia. mica -dosed 
with  7920  microcTStln 

Female  mica  vara  given  an  ip  injecticn  of  100  ug/kg  of  7820 
adcrocystin  dissolved  in  0.9Z  HaCl,  and  killad  (2  par  group)  at  15,  30, 
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60»  aal  90  aiantcs*  with  thrM  »ie«  ratviviaf  th«  90  aisat*  period 
••cropcicd  ly  following  spoatanooun  doath. 


Saron  chmiatry  data  wara  analyaad  naing  a  ona-way  analysia  of 
▼ariaaea^* 
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Mala  rata  doaad  at  20,  40.  or  30  ag/kg  and  ftaala  rata  dosad  at  40 
og/kg  did  not  thow  any  abnormal  clinical  aigna  and  bad  no  gxoaa  or 
hiatologic  laaiona.  411  aaimala  vbick  ahovad  clinical  aigna  died  and  had 
aimilar  groaa  and  hiatologic  laaiona  irraapactiva  of  aaz  or  doaa. 

Clinical  aigna  in  affactad  animala  vara  limited  to  aarara  dapraaaion  and 
lethargy  vfaich  began  aavaral  boor a  after  toxin  adminiatration  and 
prograaaad  in  aavarity  until  the  tima  of  death.  The  time  from  injection 
of  the  hepatotoxin  to  death  varied  from  20  to  32  houra  in  malea  and 
famalaa  and  vaa  independent  of  doaa.  Daatha  (nntbar  vhich  diad/nambar 
treated)  in  malea  vara  aa  follova:  120  og/kg,  2/3;  160  og/kg,  7/8;  180 
og/kg,  3/3;  200  og/kg,  3/3;  240  og/kg,  1/2;  and  400  og/kg,  3/3.  Daatha 
in  famalaa  vara  aa  follova:  80  og/kg  1/3;  120  og/kg,  2/3;  160  og/kg,  3/3. 

lata  given  at  vary  high  doaaa  of  7820  mierocyatin  (400  ,  800,  or  1200 
ag/kg  (3  animala  par  group)!  died  6  to  8  boora  following  adminiatration. 
Clinical  aigna  of  tozicoaia  conaiatad  of  extrema  dapraaaion  and  lethargy 
beginning  4  to  S  houra  after  doaing  and  progreaaing  until  death.  The 
livara  from  all  rata  which  died  after  adminiatration  of  the  hepatotoxin 
vara  markedly  dark  rad  and  appeared  enlarged,  particularly  in  thoaa 
receiving  higher  doaaa  of  the  toxin  (Table  1). 


848  Inatitota,  848  Circle,  Cary,  1C. 
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HicroMOpic  •saaiaatloa  of  tb«  liaor  rovoalod  Mvoro  coMrilobular 
•ad  aidioaal  aacxotia  which  was  charactariaod  by  aawcra  diaassociation, 
dagoaaratloa.  aaeroaia,  aad  loaa  of  hapatoeytaa  withia  oaeh  lobolo  ozccpt 
for  a  ria  of  poriportal  hapatoeytaa  3  to  6  calla  wida.  Soaa  of  thaaa 
pariportal  hapatoeytaa  appaarad  aoraal,  whila  othara  ahovad  aigna  of 
dagaaaratioa  (pyknotie  aaelai  aad  aoaiaophilie  eytoplaaa).  Dagaaaratiag 
aad  aacrotle  hapatoeytaa  ia  caatrilobular  aad  aid-toaal  ragioaa  ware 
aaparatad  by  aaaarooa  erythroeytaa  aad  aboadaat  graaalar  to  hoaMgaaaooa 
aaterial  (cillular  dabria)*  Modarata  anabara  of  aaatrophila  lafiltrated 
tha  affected  areaa.  Occaaioaal  dagaaarata  and  aacrotic  hapatoeytaa  wara 
aaaa  la  eaatral  waiaa. 

Mieroacopie  azaaiaatioa  of  tha  kidney  raraaled  that  gloaaralar 
eapillariea  wara  fraqoaatly  dilated  aad  eoataiaad  aaMll  plaga  of 
aoaiaophilie.  fiaaly  fibrillar  to  hoatogaaaoua  material  lAieh  waa  oftaa 
fiaaly  atippiad  with  baaophilie  dapoaita.  Cortical,  tabular  epithelial 
calla  wara  aodarataly  wacoolatad  ia  aaay  araaa.  BaBaroua  tnbulaa  withia 
tha  cortex  wara  mildly  to  moderately  dilated,  eoataiaad  modarata  amouata 
of  homogaaeoua,  baaophilie  material.  Vith  very  high  doaaa  there  waa 
modarata  tabular  aacroaia  eharaetariaad  by  aomaroua,  onltifocal  areaa  of 
epithelial  dagaaaratioa  aad  aacroaia  with  amall  amouata  of  lumioal 
aacrotic  debria.  Many  tubulaa  withia  tha  cortex  eoataiaad  modarata 
amouata  of  homogaaeoua  baaophilie  material. 

Oa  mieroacopie  examination  of  tha  lung,  many  eapillariea  and 
aomawfaat  larger  waaoela  wara  widely  dilated  aad  eoataiaad  aoaiaophilie 
globular  debria  or  intact  calla  which  wara  often  eiaeahed  within  an 
aoaiaophilie,  finely  fibrillar  aaterial.  Tbeae  calla,  which  appeared  to 
be  hapatoeytaa,  ware  large  and  rounded  with  abundant  aoaiaophilie 
eytoplaaa  and  amall,  danoa,  dark,  rsntrally  located  (pyknotie)  nuclei. 


■•giiiaiat  approzijMtaly  40  to  60  ainotea  after  troataont,  tho  livora 
froa  all  hopatotosin  traatad  rats  vara  vary  dark  rad  and  appeared 
aalargad.  Although  liver  weights  varied  throughout  the  study ,  after  40 
to  60  aia. .  the  livers  of  all  aicroeystia  treated  rats  grossly  appeared 
larger.  Over  the  24  hr.  tias  period,  the  liver  weights  (as  Z  of  body 
weights)  froa  treated  rats  were  sigaificaatly  greater  than  those  of  the 
saliae  treated  coatrola.  (figure  1).  lo  other  gross  lasioaa  were  aotad 
at  say  tiaa.  however,  kidaey  weights  (as  Z  of  body  weights)  begaa  to 
iaerease  at  approxiaately  3  hours  poetdosiag.  This  iaeraase  coatiaued  to 
the  ead  of  the  study  (figure  2). 

Ro  aieroseopie  ehaages  were  seea  at  5  or  10  aiautas  following 
treataeat.  la  the  liver  at  20  aias,  ia  the  liver  there  was  aild 
disassoeiatioa  aad  rooadiug  >  of  eeatrilobnlar  hapetoeytes  with  aild 
aiaasoidal  eoagastioa.  A  few  scattered  hepatocytas  were  shmnkaa  with 
dark  eosiaophilie  eytoplasa  aad  cloipiag  of  auclaar  ehroaatia.  By  30 
adas  there  was  aoderate  eeatrilobnlar  hepatocyta  disassoeiatioa  with  aild 
heaorrhage  iavolviag  the  aajority  of  eeatrilobnlar  regions.  Kuaerous 
hepatocytas  were  uadergoiag  degeaeratioa  or  aacrosis,  with  cellular 
fragaaatatioa  aad  karyolysis.  Central  veins  were  iataet.  By  40  aias,  ia 
eeatrilobnlar  aad  aidsoaal  regions,  hapatocyte  disassoeiatioa, 
dagauaratioa,  aad  necrosis  was  aora  aarked  with  aoderate  bepatocyte  loss. 
There  was  aoderate  eeatrilobnlar  and  aid'-soasl  heaorrhage  with  occasional 
loss  of  central  veins.  These  lesions  progressed  aad,  at  60  aias,  there 
was  aassive  hapatocyte  disassoeiatioa,  degeneration,  aad  necrosis  with 
severe  hepatoeyte  loss  and  severe  heaorrhage  throughout  the  entire  liver 
lobule  eseept  for  areas  approsiaately  6  to  7  cells  vide,  surrounding 


foetal  ragioaa.  Varipartal  iMfatocytaa  aecaaioaallf  «ara  diM«McUtc4, 
aad  ■hiwioii  mild  dagaaaratioa. 

froi  3  to  f  hoars,  tha  lasioas  progressed  to  iaelade  all  of  the 
liver  pareachyu  except  for  a  layer  of  periportal  h^toeytes  1  to  3 
cells  vide,  froa  9  to  24  boars,  there  vas  a  progressive  reduction  in  the 
■aaher  of  cells  aad  eellalar  debris  within  the  hepatic  parenchyaa.  Large 
areas  of  hsaorrhage  ware  present  xroa  12  to  24  hoars. 

la  the  kidaey,  eecasieaal  cabales  within  the  eertes  contained  saall 
aaoants  of  boaogeasoaa,  basophilic  aatsrial  beginniag  at  60  ainntes,  and 
progressing  until,  18  aad  24  hoars,  at  which  tira  odrerous  cortical 
tahales  contained  aodecate  eaoants  of  this  aatsrial.  At  9  aad  12  hours, 
aaall  aaoaats  of  eosinophilic,  fibrillar  aatsrial  with  fine  basophii.ic 
atippliag  (aineralisatioa)  were  preseat  withia  scattered  gloaerular 
capillaries  aad;  by  18  and  24  bears,  auaeroas  gloaerular  capillaries 
contained  aodarate  enooata  of  thia  sans  aaterial. 

Xa  the  luag,  beginaing  at  1  boar,  scattered  capillaries  and 
arterioles  coataiaed  eosinophilic  graaalar  debris  or  intact  rounded  cells 
with  abaadaat  eosinophilic  cytoplasa  and  pyfcaotie  aaclsi.  These  appeared 
to  he  hepetocytea.  Troa  3  to  9  hoars,  maseroas  capillaries  and 
arterioles  contained  iacreasiag  nnabers  of  these  iatact  cells  while  froa 
9  to  12  boars,  the  aaaber  of  cells  was  decreased,  bat  large  aaounts  of 
globular,  eosinophilic  aaterial  (presoaably  necrotic  cellular  debris) 
were  present.  At  18  aad  24  bears,  fever  iatact  cells  were  seen 
iatravasealarly  aad  the  saeant  of  eosinophilic,  globular  aaterial  also 
decreased. 

Serna  Cheeistrv  Alterations 

Statistically  significant  iaeroesea  froa  control  values  were  seen  in 
liver  related  ensyaes  aad  in  paraaaters  evaluating  raaal  function. 
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■•ginning  «t  40  Binoteii  there  wee  e  nerked  inereeee  in  ALT  which 
continued  until  the  end  of  the  study  (Figures  3  end  4).  ALP  ves  merkedly 
elereted  coastencing  et  6  to  9  hours  (Figure  5).  Totel  bilirubin  ves 
elereted  et  6  hours  end  wee  suirkedly  increesed  by  9  to  12  hours  (Figure 
6).  The  BUH  end  creetinine  were  moderately  elevated  beginning  et  9  to  12 
honrs  and  increase  until  the  end  of  the  study  (Figures  7  end  8).  The 
blood  glucose  concentration  markedly  decreased  over  time  and 
phosphorous,  although  altered  in  a  manner  such  that  significant 
differences  were  seen  at  individual  time  points,  did  not  vary  in  a 
consistent  pattern  over  the  24-hour  time  period. 

■eouential  morphologic  alterations  in  mice  dosed  with  7820  microevstin 
Mice  which  were  killed,  or  died  at  or  after  30  minutes,  had  livers 
which  were  dark  red  and  markedly  enlarged.  Liver  and  kidney  weights 
increased  with  time  (Table  2).  Bistologic  lesions  were  similar  in  all 
affected  animals  at  the  same  tism  points.  Mice  killed  at  IS  minutes  had 
no  significant  microscopic  lesions.  At  30  minutes  postdosing,  sdld 
eentrilobular  disassociation  (pavementation)  of  hepatocytes  was  seen,  and 
was  occasionally  accompanied  by  subcapsular  congestion.  By  60  minutes, 
the  hepatic  lesion  had  progressed  to  severe  eentrilobular  congestion  with 
disassociation  and  rounding  up  of  hepatocytes,  and  individual  cell 
necrosis.  Bepatocyte  degeneration  was  characterized  initially  by 
swelling,  followed  by  increased  cytoplasmic  eosinophilia  and  nuclear 
pyknosis.  One-third  to  one-half  of  the  lobules  were  affected.  A.  few 
neutrophils  and  lymphocytes  were  noted  in  affected  areas.  Free 
hepatocytes  were  seen  in  several  central  veins.  In  the  kidney,  mild 
lesions  were  first  observed  60  minutes  postdezing  and  became  more  severe 
by  90  minutes.  These  were  characterized  by  mild  dilation  of  cortical 
tubules,  and  many  contained  eosinophilic  granular  to  fibrillar  material. 
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•iailar  aattrial  was  oceaaionally  notad  la  Bovaan's  apaea  and  in 
gloMTular  capil lariat.  No  treataent  related  letione  vere  teen  in  the 
lunge. 

gIgfflgaiQS 

Baaed  on  our  ttudiea  and  thoae  of  otbert,  the  liver  it  the  niajor  target 
organ  of  7820  microcjatin.  The  narked  hepatocyte  diaataoeiation  and  naaaive 
naeroaia  which  occurred  in  rata  in  our  experinenta  it  aiailar  to  that  reported 
in  nice  and  aheep.  Ho  difference  vaa  noted  in  the  reaponae  of  nale  rata  aa 
conparcd  to  fenalea,  with  no  effect  being  aeen  below  80  ug/kg  and  virtually 
lOOZ  lethality  aeen  above  160  ug/kg.  There  it  little  apparent  gradation  of 
hepatic  reaponae  in  either  nice  or  rata.  After  aingle  expoaure,  aniaiala  are 
either  clinically  affected  and  die  with  naaaive  liver  deatruction  and 
hanorxhage»  or  tha  aninala  are  clinically  unaffected  and  no  groaa  or 
hiatologic  abnomalitiea  are  aeen.  In  both  rata  and  nice  following  ip 
injection*  hiatologic  leaiona  are  preaent  eentrilobularly  in  the  liver  aa 
early  aa  20-30  ninutea.  At  60  nin.  *  the  hiatologic  leaiona  in  rata  are  aa 
aevere  aa  thoae  aeen  in  nice  at  60  nin.  However*  nice  die  at  60  to  90  nin. 
poatdoaing*  but  rata  aurvive  for  18  to  32  houra.  Even  with  very  high  doaea  of 
7820  nicrocyatin  the  aurvival  tine  in  rata  ia  atill  6  to  8  houra. 

A  correlation  eziata  between  the  initial  hiatologic  leaiona  aeen  via 
light  nicroacopy*  and  a  narked  increaae  in  ALT,  beginning  40  ninutea 
poatdoaing*  iriiich  progreaaea  to  the  end  of  the  atudy.  The  early  appearance 
and  enhaequant  nagnitude  of  the  elevation  ia  thia  ensyne'a  activity  in  the 
aerwn  are  iadieatora  of*  not  only  the  brief  interval  between  doaing  and 
detectable  liver  injury  (30  to  40  ninutea}*  but  alao  of  the  naaaive  hepatic 
naeroaia  which  ultinately  ocenra.  In  addition*  thera  are  narked  increaaea  in 
the  SAP  and  total  bilirubin.  Although  theae  are  often  correlated  nore  with 
biliary  ohatmetion*  in  thia  caae  they  are  alao  related  to  the  naaaive 
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ateroti*  «hieli  ocoirs.  Althoogh  Mnai  glacoas  couccatratioiu  «r«  initially 
iftj  high*  they  fall  pracipitouily  to  abnoraally  low  values  over  the  24  hr. 
course  of  the  study.  This  narked  decrease  in  serua  glucose  may  be  due  Co 
the  inability  of  the  damaged  liver  to:  1)  convert  glycogen  to  glucose  or  2} 
to  synthesiae  glucose  from  precursor  molecules. 

In  the  liver*  endothelial  damage  is  evident  by  the  massive  hemorrhage  and 
loss  of  central  veins  and  sinusoids.  Whether  Che  initial  effect  is  to 
endothelial  cells  in  the  liver,  or  to  hepatocytes,  with  subsequent  endothelial 
damage  is  unclear  at  this  tine,  however,  in  vitro  work  utilizing  hepatocytes 
and  endothelial  cells  in  culture  will  attempt  to  clarify  this  question.  This 
breakdown  in  endothelial  integrity,  in  conjunction  with  massive  hepacocyte 
disasaociation,  appears  to  allow  intact  hepatocytes  and  necrotic  cellular 
debris  into  the  venous  circulation  and  subsequently  into  the  pulmonary  artery. 
In  rats,  necrotic  debris  and  intact  cells,  which  are  apparently  degenerate 
hepatocytes,  are  seen  in  the  pulmonary  vasculature  as  early  as  1  hour 
poatdosing.  The  number  of  intact  cells  in  the  polas»nary  vessels  increases  to 
a  at  6  to  9  hours,  then  beginning  at  12  hours,  they  start  to  be 

gradually  replaced  by  necrotic  cellular  debris  until  at  24  hours,  very  few 
intact  cells  are  seen.  It  must  be  noted,  however,  that  severe  hepatic  lesions 
precede  the  finding  of  intact  cells  and  significant  amounts  of  necrotic 
cellular  debris  in  the  pulmonary  vasculature.  To  date,  we  have  not  seen  such 
intact  cells  in  the  pulmonary  circulation  of  mice  although  this  has  been 
r^orted^. 

lenal  lesion'i  in  mice  and  rats  are  st^ge  stive  of  glomerular  damage  with 
protein  leakage  into  cortical  tubules.  These  lesions  are  more  extensive  in 
rats  than  mice.  This  may  be  due  to  the  presence  of  necrotic  cellular  debris 
circulating  in  glomerular  capillaries.  In  rats,  the  presence  of  large  amounts 
of  this  fibrillar  material-  within  glomerular  capillaries  at  18  and  24  hours 
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coincidsd  with  iaercM«d  aaouats  of  the  boaogeneoua  besophillc  uterial  within 
the  luMaa  of  renal  cortical  tubulea.  Renal  cortical  tubular  necroaia  vaa 
evident  in  rata  at  very  high  concentrationa  of  7820  nicrocyatin.  This  may  be 
due  to  a  direct  effect  of  the  toxin  on  the  tubular  epithelium  or  on  local 
renal  circulation  or  be  aecondary  to  the  ef fecta  of  abnormal  metabolic 
producta  and  phyaiologic  alterationa  rcaolting  from  ahock  induced  by  the 
mmaaive  hepatic  necroaia  and  hemorrhage. 

The  time  at  which  renal  leaiona  were  aeen  vaa  roughly  correlated  to  an 
elawation  of  the  BUH  and  creatinine.  Theae  increaaea  could  be  due  to  direct 
renal  damage,  a  decreaaed  rate  of  glomerular  filtration  from  ahock,  or 
obatruction  of  glomerular  capillariea  with  debria  from  the  liver. 

While  the  escact  mechaniam  of  action  of  the  toxin  produced  by  Microevatia 
aemainoaa  ramaina  to  be  detenUncd,  death  in  affected  animala  ia  preaumably 
due  to  maaaive  hepatic  deatruction  and  hemorrhage  reaulting  in  ahock  and  loan 
of  the  a^riad  of  liver  functiona  neceaaary  for  the  maintenance  of  life. 
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Table  1.  Airaraga  liver  and  kidney  veighta  (aa  Z  body  weight)  of  rata 
given  intraperitoneal  injectiona  of  7820  nicrocyatin. 


Doae 

ttg/kg 

n 

Liver 

X  ♦.^.D  (2) 

Kidney 

X±  S.D  (Z) 

0* 

3 

4.93 

* 

0.51 

0.9  * 

0 

20* 

3 

6.23 

♦ 

0.93 

1.07  * 

0.25 

40* 

3 

3.70 

♦ 

0.26 

0.77  + 

0.15 

80 

1 

4.20 

♦ 

0 

1.00  + 

0 

120 

2 

4.70 

♦ 

0 

1.05  + 

0.07 

160 

7 

4.73 

♦ 

0.39 

1.01  * 

0.07 

200 

3 

5.17 

♦ 

0.49 

1.03  * 

0.06 

240 

1 

4.10 

♦ 

0 

1.40  * 

0 

400 

3 

6.13 

♦ 

0.050 

1.10  * 

0.12 

800 

3 

6.33 

♦ 

1.29 

1.03  * 

0.21 

1200 

3 

6.70 

♦ 

0.44 

1.20  * 

0.10 

— 

*A11  aaiaala  at  theae  doeea  anrvived  and  were  killed  by  ether  inhalation  at 
2  to  12  daya  following  treatnent. 


Tabic  2.  Sequential  liver  and  kidney  veighta  (as  Z  body  weight)  of  nice 
injected  intrapexitoneally  with  100  ug/kg  of  7820  aicrocystin. 


TIm  after  dosing  (ain.) 

Liver  (Z  BV) 

Kidney  (Z  BV) 

Controls  (saline) 

5.37 

0.76 

IS 

5.37 

0.75 

30 

5.63 

0.75 

60 

9.01 

0.82 

90 

10.48 

0.97 

Spontaneous  death  (>90) 

9.69 

1.00 

rigara  1:  lalativa  liy«r  vcighta  (as  1  body  vaight)  in  rata  (n  *  2  to  7) 
injaetad  ip  with  160  og  7820  microcyatin/kg 


Uv«r  Weights 
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Wigaf  it  l«l«tlv«  kidney  weighta  (as  i  body  veight)  in  rats  (n«  2  to  7) 
injected  ip  vith  160  ug  7820  nicrocystin/kg 


1* 


Kidney  Weights 


s  . 


rj 


AUktlM. 


rigor*  3:  llanitM  oaino  tranaferooo  (ALT,  SOFT)  is  rats  (n  ■  2  to  7)  for 
tha  first  60  sin.  after  ip  injection  with  160  ug/kg  7820 
mierocy  s  tin/kg 


AUr 


rigurt  4}  Alania*  aaino  transfaraa*  (4LT,  SG?T}  in  rats  (n  2  to  7) 
over  th*  entire  24  hrs.  period  after  ip  injection  with  160 
ng/kg  7820  nicrocvstin/kg 


ALPInU/L 
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figor*  5:  S^na  Alkaline  phoephataaa  in  rats  (n  2  to  7}  after  ip 
injection  with  160  ug/kg  7820  sicrocystin/kg 


Alkaline  Phosphatase 


./K 

j-, '% 


W 


5f" 


r.  ^ 


/ 


Ibtal  Bilirubin  in  mg/cU 


BUN  in  mg/dl 
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ligarc  7t  Blood  uxm  nitrogoa  (BUH)  ia  rats  (a  2  to  7}  iajactad  Ip 
vith  160  ag  7820  aicroeyatia/kg 


BUN 


Creatinine  in  ing/dl 
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